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INTRODUCTORY STATEMENT 
I n  June, 1966, members o f  the s c i e n t i f i c  community o f  the Baylor 
Univers i ty  College o f  Medicine contracted t o  prepare a b io log ica l  
quarantine protocol for the safe handling and study o f  lunar material 
t o  be returned t o  ear th  from ear ly  Apol lo missions--such material,  the 
spacecraft, and crew t o  be iso la ted i n i t i a l l y  i n  the Lunsr Receiving 
Laboratory, Manned Spacecraft Center, National Aeronautics and Space 
Administration, Houston, Texas. This document, and i t s  abbreviated 
operational counterpart, w r  i t t e n  under contract NAS-9-6157, const i tu te  
a f i n a l  protocol  which has been modified extensively from a prel iminary 
document subm i t ted on December 16, 1966. 
The goals of the Lunar Receiving Laboratory are mu1 t i p l e  and 
broadly encompass the s c i e n t i f i c  d i sc ip l ines  o f  geology, geophysics, 
chemistry, and biology. The purpose of t h i s  protocol i s  t o  def ine the 
b io log ica l  studies which might reasonably f u l f i l l  the goals o f  the 
Bioscience Working Group of the Manned Space Science Coordinating Com- 
mittee, as set f o r t h  here: 
The prime purpose o f  the laboratory would be t o  provide 
a formal mechanism f o r  tes t ing  appropriate representative 
1 unar samples f o r  the possib le presence o f  agents that  
might be in fec t ious or  t ox i c  f o r  man, animals, and plants. 
It should be the goal o f  t h i s  laboratory t o  provide safety 
clearance f o r  lunar samples, i f  possible, w i t h i n  a per iod 
of approximately 30 days. I 
.--National Aeronautics and Space Administration: 
Summer Conference on ~ u n a r -  Explorat ion and 
Science, NASA-SP-88, p. 234, July, 1965. 
An overa l l  statement o f  po l i c y  has been published recent ly (Science 
B: 525, Feb. 3, 1967) and i s  appended t o  t h i s  document. I n  preparing 
a protocol which would f u l f i l l  these goals, we have had the benef i t  
o f  the wise and introspect ive counsel o f  many contributovs, and the 
guidelines set f o r t h  here r e f l e c t  the judgment o f  a cross section o f  
our national s c i e n t i f i c  community. The protocol,  whi le broad i n  scope, 
\;itenpts t o  explore i n  depth the e f f ec t  o f  the lunar material upon 
i-- 
-. _, 
p lan t  and animal species about which a great deal i s  already known.) 
The protocol i s  f l e x i b l e  and lends i t s e l f  t o  easy rev is ion as more 
information i s  accumulated concerning the lun=+r  sample and as bio-  
log ica l  techniques improve dur ing the implementation o f  the laboratory. 
The b io log ica l  protocol h a s l e e  main elements, the f i r s t  being 
crew microbiology; the second, i n  v i  t r o  attempts t o  cu l tu re  microorgani sms 
from the lunar samp:e; and the t h i r d ,  the d i r ec t  challenge o f  the lunar 
shnple i n  b io log ica l  s y s t e m s h r e w  microbiology concerns i t s e l f  w i  t h  
. I 
- -  - -/ 
the establishment o f  p r e - f l i g h t  microbiology p r o f i l e s  and the subsequent 
review o f  a l te ra t ions  i n  f l o r a  encountered i n  crew personnel fo l lowing 
re turn  t o  earth. These studies w i l l  be performed i n  quarantine areas 
o f  the Lunar Receiving Laboratory and w i l l  be l im i t ed  i n  durat ion t o  
the time required t o  estab l ish  the nature o f  the microbial burden car r ied 
by the crew and the assurance o f  t h e i r  freedom from communicable disease. 
Since i t  w i l l  be impossible t o  tes t  the lunar sample on a l l  but  a 
few earth species, port ions o f  the sample w i l l  be tested i n  representative 
members o f  a l l  major taxa. We have u t i l i z e d  the concept o f  "uni ty w i t h i n  
d ive rs i t y "  o f  b io log ica l  processes on earth, and the careful  select ion 
o f  ce r ta in  key species by the s c i e n t i f i c  community provides a broad-based 
spectrum f o r  tes t ing purposes.. There ex is ts  a small but f i n i t e  
p r o b a b i l i t y  t ha t  lunar  substance? ;a! be i n j u r i o u s  t o  organisms on ear th.  
Such b i o l o g i c a l  i n j u r y  may be due t o  an inherent t o x i c i t y  o f  the mater ia l  
or t o  the  c a p a b i l i t y  o f  such mater ia l  t o  propagate i t s e l f  i n  ea r th  species. 
The t o x i c  mater ia ls  may be c l a s s i f i e d  as fo l lows:  
a. Redioactive mater ia ls  from the  moon i t s e l f .  Ear ly  s tudies w i t h i n  
the Lunar Receiving Laboratory w i l l  explore t h i s  p o s s i b i l i t y .  
b. Unknown inorganic polymers poss 'b ly  conta in ing s i l i c a ,  boron, and 
other  inorganic elements. 
c. Deleter ious low-molecular-weight'compounds a c t i n g  as ce l l u !a r  and 
metabol ic poisons, mutagens, i r r i t a n t s ,  ant imetabol i tes,  o r  a n t i -  
v i tami rs .  
d. Unknown metal lo-organic compounds, e f f e c t s  on t e r r e s t r i a l  organlsms 
unknown. 
The r e p l i c a t i v e  mater ia ls  may be c l a s s i f i e d  as fo l lows:  
a. Organisms ( v i r a l ,  bac te r ia l ,  o r  fungal) taken t o  the moon, 
subjected t o  h igh- inc ident  rad ia t ion ,  and returned u n w i t t i n g l y  
t o  earth. Such organisms may have mutated and have no counter- 
p a r t  on earth. This i s  an u n l i k e l y  event. 
b. Plant  mater ia ls  of lunar o r i g i n  capable o f  reproducing on ea r th  
as autotrophs o r  heterotrophs i n  n u t r i e n t  media ( a r t i f i c a l  o r  
natura l ,  as i n  soi 1, ponds, oceans), r e s u l t i n g  i n  na tura l  ized 
forms producing de le ter ious  e f f e c t s  by contact o r  competit ion. 
c. Xeroph i l i c  l i f e  forms o f  lunar  o r i g i n  using as protoplasmic 
mater ia ls  elements found i n  t e r r e s t r i a l  organisms such as carbon, 
hydrogen, oxygen, su l fu r ,  and phosphorus. 
d .  The exi j tence of l i v i n g  matter on the moon a t  an organizational 
level  above that  o f  the small metazoa o r  metaphytes has a 
p robab i l i t y  considerably less than tha t  for un i ce l l u l a r  organisms 
and i s  v i r t u a l l y  excluded from consideration. 
If one accepts these fundamental p o l i c i e s  and the constraints Imposed 
upon the laboratory by space and time l im i ta t ions ,  there are l e f t  only 
three po in ts  which deserve discussion here i n  the way o f  c l a r i f i c a t i o n .  
These are the philosophy o f  the tes t ing  process i t s e l f ,  the nature o f  
the in terna l  controls t o  be employed, and the s t a t i s t i c a l  approach t o  
an evaluation o f  a heterogeneous, unknown mixture whose tox ic  o r  micro- 
b io log ica l  po ten t ia l  i s  unknown. 
I n  regard t o  the philosophy o f  the tes t ing  procedures, i t  i s  safe t o  
say tha t  never before has there existed a f a c i l i t y  w i t h  such ambitious 
and demanding goals as those presented by the Lunar Receiving Laboratory. 
The committee responsible f o r  the preparation o f  t h i s  protocol stresses 
the need, therefore, f o r  high professional standards i n  the conduct o f  
these studies and has encouraged the Space Agency t o  ava i l  themselves o f  
the vast technical competence ex i s t i ng  i n  laborator ies throughout t h i s  
country. When possible, i t  i s  t o  be hoped that  the Agency w i l l  employ 
outside consul tat ion a t  a l l  steps. A tes t ing  procedure o f  t h i s  magni- 
tude and scope demands a degree o f  supervision and ins ight  which w i l l  
be challenging i n  the extreme. 
Since the tes t ing  procedures can be no be t te r  than the s k i l l  o f  
those employing them, and i n  view o f  the d i v e r s i t y  o f  species selected 
here, i t  i s  ant ic ipated that  the laboratory management w i l l  u t i l i z e  t o  
the f u l l e s t  the sound and competent advice o f  the academic community 
and those federal agencies (u. S. Department o f  the I n te r i o r ,  U. S. Departmet,t 
o f  Agriculture, U. S. Pub1 i c  Health Service) which have been instrumental 
i n  establ ishing the need f o r  t h i s  laboratory. 
An important po in t  which the committee would stress concerns the 
sequence of events i n  handling the lunar material.  Col lect ion, transport,  
receipt,  and opening o f  the sample, as wel l  as i t s  mixing, a l iquot ing,  and 
d is t r ibu t ion ,  const i tu te  a pa r t  o f  the general int roduct ion t o  t h i s  protocol.  
I n  microbiological test ing,  however, i t  w i l l  be noted tha t  we have set up 
a series o f  Itchal lengestt t o  host organisms, t h i s  group o f  hosts representing 
higber and lower vertebrates, invertebrates, un i ce l l u l a r  organisms and 
plants.  It i s  ant ic ipated that ,  along w i t h  the i n i t i a l  i n  v i vo  challenge 
and i n  v i t r o  studies using c lass ic  microbiologic techniques, p a r a l l e l  
i n  v i t r o  challenges w i l l  be made t o  both animal and p lan t  c e l l s  growing 
-- 
i n  t issue cul ture. These ttobservat ional t '  steps are t o  be f o l  lowed by 
a secondary i n  v i vo  challenge as wel l  as i n  v i t r o  c lass ic  microbiological 
techniques, using organic a~:d inorganic media containing such added nut r ients  
as might be suggested by the i n i t i a l  elemental and orjan:c analysis o f  the 
lunar sample. This temporal order, o f  i n i t i a l  followed by secondary chal- 
lenges, const i tutes the c r i t i c a l  pa r t  of the microbiological  protocol .  I f  
rep l i ca t ing  forms ex is t ,  t h i s  sequence o f f e r s  the greatest promise f o r  t he i r  
detection. 
Every system described i n  t h i s  protocol has as an in terna l  control  the 
requirement that  d i r ec t  challenge o f  i n  v i vo  systems be conducted w i th  both 
untreated and s t e r i l i z e d  lunar material.  Absolute double-barrier techniques 
are t o  be used throughout the laboratory; i n  some cases spec i f i c  pathogen- 
f ree  o r  germ-free species w i l l  be used, and i n  a l l  In v i t r o  sys;clls absolute 
s t s r i l i t y  of the system i s  mandatory. Careful ly cont ro l led t r i a l  runs of 
a11 systems should be begun f u l l y  one year i n  advance o f  receipt  o f  the 
f i r s t  lunar sample, and "unknown" t e r r e s t r i a l  s o i l  samples should be car r ied 
through a l l  systems t o  Insure the technical competence o f  the laboratory fac i -  
1 i ty. 
Since no one can p red ic t  a t  t h i s  time whether or  not the lunat sample 
w i l l  be harmful t o  b io log ica l  systems on earth, i t  i s  impossible t o  pred ic t  ' 
prec ise ly  how much meterial w i l l  be required t o  car ry  out the tes t ing  pro- 
cedures out l ined here. I n  such a sea o f  ignorance, we have had t o  r e l y  
upon an almost empiric s t a t i s t i c a l  approach, which can provide answers only 
on a contingency basis. We have had t o  assume, therefore, that  the lunar 
sample, i f  i t  contains microorganisms a t  a l l ,  contains them a t  very low 
conceiitrations. Frcm such a base, we have used the next assun~ption, that  
these low concentrations ex i s t  e i the r  a t  "near negl ig ib le1'  or  a t  "detectable" 
levels. Such assumptions have allowed us t o  estimate a high and low quant i ty  
o f  material t o  be employed i n  many o f  the various d i r ec t  i n  v i vo  challenges. 
I n  ce r ta in  smaller species, such calculat ions cannot be used, since one i s  
l im i ted  i n  the net amount o f  material which the species can to lera te .  Such 
decisions w i l l  be d i f f i c u l t  a t  best, and, again, the judgment o f  those work- 
ing i n  the f i e l d  has been used as the u l t imate guidel ine. 
Our contr ibutors who have reviewed the prel iminary document have pointed 
out that  i n  many areas the protocol lacks depth, that  ce r ta in  key species 
have been omitted, that  i n  some areas the protocol i s  too extensive, that  
i t  i s  impossible t o  do d e f i n i t i v e  studies on such impure mixtures, that  the 
tes t ing procedures are of ten empiric and o f  too short a duration, and a 
host o f  other v a l i d  objections. The comnittee fee ls  obliged t o  po in t  out 
the constraints~imposed by the d e f i n i t i o n  o f  .% quarantine laboratory. We 
have been forced t o  adopt the dictum that  the work o f  the laboratory i s  
aimed only a t  short-term, t ime-c r i t i ca l ,  ana ly t ica l  procedures and i d e n t l f i -  
ca t ion o f  whether o r  not the lunar sample const i tu tes  a threat  t o  our terres- 
t r i a l  bfosphere. A l l  other considerations become secondary. Within t h i s  
frame o f  reference, most o f  the c r i t i c i sms  t o  which we have given our serious 
consideration become inva l id .  
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CO NTA l NME NT 
CONTA I NMENT 
1. PERSONNEL AND EQUIPMENT 
The uncer ta in ty  o f  the ex is tence and type o f  pathogenic l i f e  on 
the  lunar  sur face i s  o f  concern. U n t i l  the p o t e n t i a l  b i o l o g i c a l  
hazard i s  assessed, the fo l l ow ing  procedures s h a l l  be recommended. 
A. Astronauts re turn ing  from lunar  o r  p lanetary missions s h a l l  be 
placed i n  quarant ine upon r e t u r n  t o  ea r th  and t h e i r  mic rob io log ica l  
p r o f i l e s  obtained. Su i t s  and p r o t e c t i v e  devices s h a l l  be provided 
fo r  both the astronauts and personnel who may be exposed t o  e i t h e r  
the men o r  the command module. 
B. Immediately upon re turn ,  the spacecraft ,  the lunar  sample containers,the 
astronauts, and a l l  persons who have come i n  contact w i t h  them sha l l  
be placed i n t o  an i s o l a t i o n  environment. This  i s o l a t i o n  s h a l l  be 
maintained f o r  the dura t ion  o f  the quarantine. 
C. An a i r - t i g h t ,  wa te r - t i gh t  t r a i l e r  s h a l l  be used as a mobi le quaran- 
t i n e  f a c i  1 i t y  i n  re tu rn ing  the crew, associated personnel and o ther  
items t o  the Manned Space Center. 
D. Spacecraft, s u i t s ,  and equipment s h a l l  no t  be decontaminated u n t i l  
b i o l o g i c a l  s tudies have been made on them and s h a l l  be kept i n  
I 
i s o l a t i o n  u n t i l  released. 
E. The Manned Spacecraft Center s h a l l  prov ide i h e  necessary f a c i l i t i e s  
and equipment f o r  b i o l o g i c a l  i s o l a t i o n .  This qcarant ine s h a l l  begin 
immediately a t  r e t r i e v a l  and w i l l  inc lude the lunar  samples, f l i g h t  
tapes and f i l m ,  s p e c i f i e d  equipment, food, water, u r i ne ,  feca l  
samples, f l i g h t  crew, and personnel required t o  have immediate 
contact w i t h  the f l i g h t  crew. 
1 1 .  LUNAR SAMPLE CONTAINMENT PROCEDURES 
Lunar samples s h a l l  be opened as promptly as poss ib le  upon re tu rn  
t o  ea r th  and be examined behind absolute b i o l o g i c a l  b a r r i e r s  using 
r i g i d  b a c t e r i a l  and chemical i s o l a t i o n  techniques. 
A primary-secondary b a r r i e r  concept o r  double b a r r i e r  concept 
s h a l l  be employed. 
A. Primary-secondary b a r r i e r  concept 
1. Primary b a r r i e r s  
Primary b a r r i e r s  s h a l l  be establ ished as the f i r s t  l i n e  
of  defense f o r  conta in ing the lunar  sample. The primary b a r r i e r  
s h a l l  be gas- t igh t  cabinets o r  i so la to rs .  
2. Seconda r y  ba r r i e  rs  
The secondary b a r r i e r s  are the features o f  the f a c i l i t y  
t h a t  surround the  primary ba r r i e rs .  They s h a l l  provide the 
b u f f e r  zone around the  primary containment arrangements and 
include: 
a. Floors 
b. Walls 
c. Ce i l ings  
d. A i r  locks 
e. Change rooms 
f. A i r  f i l t r a t i o n  o r  i nc ine ra t i on  u n i t s  f o r  the bu i ld ing .  
g. Zones o f  d i f f e r e n t i a l  a i r  pressure 
h. Provis ions f o r  treatment o f  l i q u i d  and s o l i d  wastes 
i. T r a f f i c  pa t te rns  o f  personnel and mater ia ls  
3. Zonal b a r r i e r s  
Another way o f  viewing f a c i l  i t y  design f o r  mic rob io log ica l  
contamination con t ro l  i s  t o  de f i ne  the zones t h a t  r e l a t e  t o  
containment funct ions.  Only one o f  four  i d e n t i f i e d  func t iona l  
zones o f  t h i s  t o t a l  f a c i  1 i t y  has a containment funct ion.  The 
o ther  three zones support the containment zone (or  the miss ion 
area) i n  several ways: 
a. Provide o f f i c e  areas and t r a n s i t i o n a l  rooms 
b.  Provide a miss ion support zone 
c. Provide a zone f o r  the machinery tha t  operates the 
bu i ld ing .  
B. Equipment 
Engineering developments have provided devices t h a t  o f f e r  
e f f i c i e n t  mic rob io log ica l  and physical  separat ion between environ- 
ments. As discussed above, the most important type o f  containment 
and i s o l a t i o n  equipment and the type capable o f  r , ,~e t ing  the most 
severe con t ro l  c r i t e r i a  i s  the gas- t igh t ,  absolute b a r r i e r  en- 
closure. Vent i la ted  work cabinets and animal cages are  repre- 
senta t ive  o f  t h i s  type o f  equipment. When the contaminat ion con t ro l  
c r i t e r i a  are severe, as when s t e r i l  i t y  i s  t o  be preserved, no 
s u b s t i t u t e  f o r  the absolute system i s  known. I n  terms o f  i n i t i a l  
cost  and operat ional  t ime, absolute containment systems are  almost 
always more expensive. On the o ther  hand, sometimes the f i s c a l  
o r  o ther  consequences o f  f a i l u r e  t o  prov ide adequate contamination 
con t ro l  a re  so severe as t o  warrant absolute containment a t  any 
cost. References descr ib ing  the  design source and use o f  v e n t i -  
l a ted  cabinets and animal i s o l a t i o n  equipment a re  found a t  the 
end o f  t h i s  sect ion.  
The f o l l w i n g  c h a r a c t e r i s t i c s  s h a l l  be employed: 
1. These absolute b a r r i e r s  s h a l l  a l l ow  no interchange o f  the 
pro tec ted  and non-protected environment and s h a l l  aim a t  
t o t a l  containment. 
2. They s h a l l  prov ide f o r  placement o f  the ma te r ia l  o r  the work 
t o  be co-n t ro l led  w i t h i n  a gas- t igh t  enclosure. 
3.  Humans s h a l l  be separated from the  system. 
4.  The work s h a l l  be done through attached arm-length rubber 
gloves o r  by means o f  remote mechanical manipulators. 
5 -  When work w i t h i n  the b a r r i e r  i s  t o  be pro tec ted  from outs ide  
contamination, the enclosure s h a l l  be maintained a t  a p o s i t i v e  
a i r  pressure. 
6 -  Conversely, negat ive pressure s h a l l  be used t o  prevent escape 
o f  cor,taminants. 
7, I n l e t  and/or o u t l e t  a i r  may be f i l t e r e d  o r  heated t o  destroy 
mi'croorgan i sms . 
8. P r i o r  t o  use, the enclosure s h a l l  be decontaminated o r  s t e r i l -  
ized. An e f f i c i e n t  means o f  s t e r i l i z i n g  o r  decontaminating 
a l l  i n t e r i o r  surfaces o f  the b a r r i e r  s h a l l  be provided. The 
use o f  u l t r a v i o l e t  i n  a i r  locks as the on l y  s t e r i l i z i n g  agent 
i s  quest ionable. 
9. 1nte:nal surfaces s h a l l  be r e s i s t a n t  t o  chemical cor ros ion  
and f r e e  o f  cracks o r  crev ices t h a t  would i n t e r f e r e  w i t h  
s t e r i l i z a t i o n  and decontamination. 
10. Adequate v i sua l  v iewing panels between the  operator and the 
opera t ion  s h a l l  be provided. 
11. Appropriate a i r  locks, dunk baths, autoclaves, gas chambers, 
and o the r  devices s h a l l  be attached t o  gas - t i gh t  b a r r i e r s  so 
as t o  a l l ow  passage o f  essen t i a l  suppl ies and mater ia ls .  
12. There s h a l l  be ample amount and arrangement o f  working space 
w i t h i n  the  b a r r i e r  t o  minimize the need t o  t r a n s f e r  mater ia l  
i n  and out  o f  the b a r r i e r  before completion o f  an operat ion. 
13. Appropriate serv ices such as e l e c t r i c i t y ,  gas, vacuum, a i r ,  
l i g h t ,  u l t r a v i o l e t  i r r a d i a t i o n ,  water, and dra ins  s h a l l  be 
provided . 
C. Techniques 
Even i n  the  presence o f  adequate f a c i l i t i e s  and good contain- 
ment equipment, the  success o f  attempts t o  con t ro l  mic rob io log ica l  
contamination depends i n  p a r t  on the  work techniques o f  the involved 
personnel. Although no i nc lus i ve  l i s t  o f  co r rec t  techniques would I 
be appropr iate f o r  a l l  areas o f  a p p l i c a t i o n  o f  m ic rob io log i ca l  
contaminat ion con t ro l ,  some fundamentals t ha t  suggest co r rec t  
techniques and some general types o f  procedural ru les  t h a t  s h a l l  
be fo l lowed are l i s t e d  below. 
Fundamental ideas 
a. Microbial contamination can exist and yet be not readily 
detectable in the usual sense. 
b. The contamination may be odorless, tasteless, and invisible. 
c. Instantaneous monitoring devices for microorganisms, com- 
parable with devices for detecting radioactive contaminants, 
are not available. 
d. It is important to understand the ease with which micro- 
organisms can be made airborne and their ability to remain 
airborne in small particulate form and to move from place 
to place in air currents. 
e. It is signifi-cant that the physical state o f  a microbiolog- 
ical contaminant is related t o  the ease or difficulty of 
containment. Thus dried, micronized, powdered, o r  lyophil- 
ized microbial preparations are much more difficult to 
contain t h ~ n  cootaminants in a wet o r  fluid state. 
Correct techniques 
In general, "correct techniques" shall relate to the 
movements o f  people insofar as these movements can minimize 
the spread of contamination through the air or on surfaces. 
Traffic patterns of personnel and materials shall be kept 
to a minimum. The following techniques shall be avoided to 
achieve minimum spread o f  contamination. 
a. Violent movements 
b. Aspiration of fluids 
c. Spraying o f  mater ia ls  
d. Foaming o r  bubbl ing o f  l i q u i d s  
a. Overflow o r  leakage o f  mater ia ls .  
0. Decontamination and s t e r i l i z a t i o n  
S t e r i l i z a t i o n  and decontamination agents have three general 
uses i n  mic rob io log ica l  b a r r i e r  systems. Table 1 shows recommended 
agents o f  each b a r r i e r  app l i ca t i on .  It i s  obvious tha t  no t  a l l  the 
s t e r i l i z i n g  and decontaminating agents shown i n  Table 1 w i l l  ac t  
w i t h  equal e f f i c i e n c y  and r e l i a b i l i t y  and tha t  the t a b l e  does not  
cover a l l  poss ib le  agents. 
1. The b a r r i e r  system and a l l  o f  i t s  components s h a l l  be s t e r i l -  
ized o r  decontaminated before use. 
2. Supplies and equipment t ha t  must be moved i n  o r  out  o f  the 
b a r r i e r  wh i l e  i t  i s  i n  use sSa l l  be s t e r i l i z e d  i f  possib le.  
3. Decontaminating procedures s h ~ l l  be ~ * s e d  w i t h i n  the b a r r i e r  
w h i l e  i t  i s  i n  operat ion t o  mainta in i t s  s t e r i l i t y  o r  micro- 
b i o l o g i c a l  s ta te .  
Table 2 summarizes the recomnended treatments and l i m i t a t i o n s  
o f  use f o r  some o f  the s t e r i l i z a t i o n  and decontamination agents 
commonly used w i t h  m i c r o b i o l o g i c a ~  b a r r i e r s .  
E. Contamination con t ro l  c r i t e r i a  
Attempts t o  con t ro l  contaminat ion lack  s ign i f i cance  unless 
the standards o f  con t ro l  are def ined. 
These c r i t e r i a  s h a l l  be establ ished ;n a manner :o f a c i l i t a t e  
v a l i d a t i o n  o f  c o n t r o l  processes. Since s t e r i l i t y  s h a l l  be the 
object ive,  the c r i t e r i a  s h a l l  speci fy  the procedures t o  be used i n  
tes t i ng  for  s t e r i  1 i ty ,  how many rep1 i c a t e  tes ts  are needed, when 
tne  tes ts  are  t o  be done, etc. These surve i l lance techniques sha l l  
include: 
1. A i r  sampling 
2. Surface sampl i ng 
3. Component, ite;n,or mater ia l  sampling 
4. Physical and chemical t es ts  
5. Test i , ;~ o f  f i l t e r s ,  inc inerators,  sewage and water 
6. Gastightness tes t i ng  
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STERILIZATION AND DECONTAMINATION AGENTS 
FOR MlCROBlOLOGlCAL BARRIERS 
Use o f  S t e r i  1 i z a t i o n  o r  
Decontamination Agents 
Recommended S t e r i l i z i n g  o r  
Decontaminating Agents 
1. Before o r  a f t e r  b a r r i e r  i s  
pu t  i n t o  operat ion. 
2. Treatment o f  suppl ies  and 
equipment moved i n  o r  out .  
3. Maintenance o f  cond i t ions  
ins ide  b a r r i e r s  dur ing 
operat ions. 
1. Steam under pressure 
2. Ethylene oxide gas 
3. Peracet ic  ac id  
4. Steam formaldehyde 
5. Beta-propiolactone 
6. L iqu id  germicide r inses  
1. Steam under pressure 
2. D r y  heat 
3. Ethylene oxide gas 
4. Dunk bath so lu t ions  
5.  Peracet ic  ac id  pass-through 
6. U l t r a v i o l e t  a i r  lock  
1. Atmosphere o f  germicidal gas 
2. I r r a d i a t i o n  w i t h  u l t r a v i o l e t  
3. Per iod ic  wash-down w i t h  
l i q u i d  decontaminants. 
4. Per iod ic  r e s t e r i  1 i z a t i o n  
G.B. Phi 11 ips, I l l966 B io log i ca l  Contamination Control" 
TABLE 2 
SOME RECOMMENDED ACCYT? AND TREATMENTS FOR 
STERILIZATION OR DECONTAMINATION 
I N  MlCROBlOLOGlCAL BARRIERS 
-- 
S t e r i  1  i z a t  i on  o r  
Decontamination Agent 
Mois t ,  Hear 
(au toc 1 w e ,  h i gh vacuum) 
k i s t  Heat 
(au toc  1 ave , no vacuum) 
Dry Heat 
Ethylene Oxide Gas ( i n  a 
non-explosive gas mixture)  ' 
Peracet ic  Acid Spray 
Steam--Formal dehyde Vapor 
Beta-Propiolactone Vapor 
Dunk-Bath Formal i n  
(3n HCHO) 
Sodium Hypochlor i te  
Sol u t ions 
Strong T inc ture  o f  
Iodine (7%) 
U l t r a v i o l e t  Radiat ion 
(2537A) 
Recommended Treatments;': L i m i t a t i o n s  o f  Use 
13s0c, 3-5 min Not i nc lud ing  come-up time. 
E f f e c t i v e  i f  mater ia l  i s  
perv ious t o  steam; other-  
wise e f f e c t  i s  e s s e n t i a l l y  
t h a t  o f  d ry  heat. 
121°c, 15-30 min Not i nc lud ing  come-up t ime 
o r  s i z e  o f  vessels. 
160°c, ? hrs;  170°c, Not  i nc lud ing  con~e-up time. 
1 h r .  Other combinations of temper- 
a tu re  and t ime are acceptable. 
2s0c, 300 mg/ 1 ,  W i l l  no t  penetrate so l i ds .  
8-16 hrs, 30% RH Absorbed i n  rubber and p las-  
t i c s  necess i ta t ing  aera t ion  
i f  ma te r ia l  i s  t o  contact  sk in.  
2S0c, 2%, w i t h  0.1% Corrodes many metals. 
sur fac tan t ,  cont in -  Degrades t o  a c t i v e  acid, 
uous f o r  20 min. oxygen, and water. 
2s0c, 1 m l / f t 3  i n  Formaldehyde polymerizes on 
a i r ,  RH above 80"/0, surfaces, o f t e n  necess i ta t ing  
30 min (cabinets) long ae ra t i on  per iods p r i o r  
o r  ? O  h r s  (rooms) t o  reent ry .  
25O~, 200 m g / f  t3 i n  Aerat ion requi red p r i o r  t o  
a i r w i t h  RH above 7@4, entrance i n t o  zrea. 
30 m i n  (cabinets) o r  2 h r s  (rooms). 
2S0C, lo%, 10 min. I r r i t a t i n g  fumes. 
' I  
250C, 500-5000 ppm w i t h  Corrodes many metals. 
1% sur fac tan t ,  5 min. 
25O~,  10 min. Sta ins many mater ia ls .  
2 5 0 ~ ,  800 m i  cro-wat t Low penet ra t ing  power. Use 
min per  sq cm. l i m i t e d  t o  c lean exposed 
surfaces and a i r .  Bulbs 
must be checked and kept 
clean. Causes eye burns. 
+: Recommendations are based on maximum ef fect iveness against  b a c t e r i a l  spores and 
are made on the basis  of  d i r e c t  o r  conserva t ive ly  ex t rapo la ted  experimental data. 
G.B. P h i l  1  ips, "1966 B i o l o g i c a l  Contamination Control" 
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PRELIMINARY SEARCH FOR ORGANIC COMPOUNDS 
BY MEANS OF MASS SPECTROMETRY 
For var ious reasons, i t  seems t o  be imperat ive t o  t e s t  the specimens 
o f  lunar  surface and subsurface returned t o  e a r t h  as soon as poss ib le  f o r  
the presence o f  organic compounds. These experiments w i l l  have t o  be 
performed wh i le  the samples remain i n  quarantine; i .e .  before they are 
released from the Lunar Receiving Laboratory t o  those l abo ra to r i es  i n  
which the much more soph is t i ca ted  and d e t a i l e d  i nves t i ga t i ons  concerning 
the nature o f  poss ib l y  present organic substances are c a r r i e d  ou t .  
I n  these inves t iga t ions ,  mass spectrometry w i l l  p l ay  an important 
r o l e  and f o r  the same reasons (high s e n s i t i v i t y ,  very general appl i cab i  1 i t y ,  
h igh  in format ion content o f  the data) t h i s  technique i s  the most promising 
candidate t o  p rov ide  a rap id  and permanent record o f  data on small amounts 
of .m a t e r  i a 1 wi thout  chemical treatment of the sample. I n  f ac t ,  remote 
o r e r a t i o n  o f  the system, most o f  i t  from outs ide  the "b io log i ca l  bar r ie r , l l  
i s  proposed. 
Three ob jec t i ves  are t o  be achieved i n  these experiments: 
1. To detect  any v o l a t i l e  organic compounds t h a t  may emanate from 
the lunar mater ia l  a f t e r  the removal from i t s  environment and 
dur ing t r a n s i t  t o  ear th .  Such "outgassing" may be caused by 
var ious e f f e c t s ,  such as: 
a. Warming of a svbsurface sample t o  ambient LEM temperature 
accompanied by vapor iza t ion  o f  v o l a t i l e  ma te r i a l s  o r  physical  
changes i n  the inorganic ma t r i x  r e s u l t i n g  i n  release o f  
occluded v o l a t i l e  mat ter .  
b. Radio lys is  of l a rge  e ~ l e ~ u l e s  i n  a rad ioac t ive  p iece o f  lunar 
"rock." 
c. Other, p resent ly  unexpected physical  o r  chemical events 
tak ing  p lace i n  the sample dur ing  c o l l e c t 7 0 n  o r  re tu rn .  
2; To provide a t  l eas t  a p a r t i a l  record o f  the organic cons t i tuents  
present i n  the lunar ma te r i a l  a t  the e a r l i e s t  poss ib le  time; i .e. ,  
before any appreciable t e r r e s t r i a l  contaminat ion has taken place. 
This  record may prove invaluable i f ,  i n  s p i t e  of  the r igorous 
precaut ions tha t  w i l l  be taken by the i nves t i ga t i ng  l abo ra to r i es  
i n  the l a t e r  work, any doubt should a r i s e  concerning the o r i g i n  o f  
a p a r t i c u l a r  cons t i tuent  i d e n t i f i e d  l a t e r .  
3. To ob ta in  pre l im inary  in fo rmat ion  about the concentrat ion and 
complexity o f  organic ma te r i a l s  i n  the lunar m a t e r i a l .  This  
information would prov ide a guide f o r  the most e f f e c t i v e  d i s t r i -  
b u t i o n  of the samples t o  the i nves t i ga t i ng  labora tor ies .  Obviously, 
a d i f f e ren t  lunar sample d i s t r i b u t i o n  p a t t e r n  ( s i ze  and number o f  
samples) would be fol lowed i f  the samples should t u r n  ou t  t o  be 
- very r i c h  i n  organics, t ocon ta in  on l y  small hydrocarbons, o r  t o  be 
f r e e  o f  any detectable organic mater ia ls .  I t  would be equa l ly  
important t o  know as e a r l y  as poss ib le  whether the m a j o r i t y  o f  
I 
the organic mater ia l  cons is ts  o f  polymeric mater ia l  ( 1  i ke "kerogen") 
o r  r e l a t i v e l y  small ("monomeric") molecules and, i f  so, what com- 
pound types predominate. Such in format ion would be very valuable 
i n  he lp ing  t o  p lan  the d e t a i l e d  inves t iga t ions  t o  f o l l o w  i n  the 
experimenters' own labo ra to r i es  a f t e r  the quarant ine has been 
l i f t e d .  
Such informat ion w u l d  be p a r t i c u l a r l y  important i f  c;? were 
fo r tuna te  enough t o  ob ta in  reasonably la rge  smp les  from q u i t e  
d i f f e r e n t  loca t ions  on the surface as we l l  as the subsurface. 
I n  such a case, i t  would be important t o  perform such a pre l i rn i -  
nary i nves t i ga t i on  t o  assure tha t  the samples o f  h ighest  organic 
content are a l l o t t e d  t o  the l abo ra to r i es  o f  the Bioscience area. 
METHOD OF l NVE ST l GAT l ON 
A simple, speedy, sens i t i ve ,  and genera l l y  app l icab le  technique, 
y i e l d i n g  a spec i f i c ,  permanent record, i n te rp re tab le  immediately as 
we l l  as l a t e r ,  i s  required. There i s  nb doubt tha t  s i n g l e  focussing 
mass spectrometry i s  the best  choice. 
The data provided by t h i s  technique would enable one t o  i d e n t i f y  
s ing le  components o r  simple mixtures o f  organic compounds from t h e i r  
c h a r a c t e r i s t i c  mass spectra, which conta in  in format ion concerning 
the s ize  o f  the ro lecu les  from the mass o f  t h e i r  molecular ions, 
t h e i r  s t ruc tu re  from the fragments produced on e lec t ron  impact and 
t h e i r  approximate concentrat ion from the i n t e n s i t y  o f  the spectrum. 
O f  inore complex compounds and/or mixtures probably on l y  more general 
conclusions (such as general molecular s ize,  s t ruc tu ra  i complexi t y  
and l eve l  o f  concentrat ion) could be drawn a t  t ha t  p o i n t .  As was 
pointed out ,  i t  i s  t h i s  type o f  p re l im inary  in format ion which would be 
p a r t i c u l a r l y  valuable a t  t ha t  e a r l y  stage. I n  order  t o  f u l f i l l  these 
requirements and not t o  i n t e r f e r e  w i t h  the main purpose and special  
requirements o f  the LRL, the i nves t i ga t i on  should be devoid o f  any 
complicat ing f r i l l s ,  such as chemical pretreatment o f  the sample 
(i .e. ,  ex t rac t i on )  ,pre-separatidrt (i .e., gas chromatography), o r  
operat ional  problems (caused, e.g., by use o f  double focussing i ns t ru -  
ments o f  h igh  reso lv ing  power bu t  comparat ively lower s e n s i t i v i t y ) .  
It i s  proposed t o  p rov ide  a vacuum lock  la rge  enough t o  accommodate 
one of the lllunar-vacuuml~ sample conta iners and p ie rce  i t s  wa l l  a f t e r  
the system has completely pumped down and reached acceptable background 
leve ls .  Rapid, r e p e t i t i v e  scanning o f  the spectrum, as we l l  as monitor- 
ing  of  instrument parameters; e.g., temperatures o f  i n l e t s ,  f i e l d s ,  e t c . ,  
assures record ing o f  everyth ing tha t  emerges from the moment o f  p ie rc i . rg  
t o  the end o f  the experiment. 
For the recording o f  the mass spectra o f  substances he ld  w i t h i n  the 
sample, 0.05 t o  1.0 gram specimens w i l l  be placed through a vacuum lock  
i n  a small furnace w i t h i n  the i on  source housing and heated, a t  a con- 
t r o l  l ed  and moni tored rate, t o  s. 500; wh i l e  continuously record ing the 
spectrum of the gas phase over the sample. 
A s p e c i a l l y  designed s ing le  focussing magnetic d e f l e c t i o n  mass 
spectrometer o f  h igh  s e n s i t i v i t y  w f l l  be used. The spectra w i l l  be 
c~n ' t i nuous l y  monitored on an osc i l loscope and, a t  the same time, per- 
manently recorded employing on - l i ne  computer acqu is i t i on ,  processing, 
and d isp lay  o f  the data. Prov is ion  f o r  producing a master tape con- 
t a i n i n g  the' o r i g i n a l  data, which can be dupl icated,  would a l l ow  t h e i r  
permanent re ten t i on  and prevent acc identa l  loss.  Various forms o f  
such data a c q u i s i t i o n  systems are present ly  under development i n  the 
i nves t i ga to rs1  labora tor ies  and could be modi f ied t o  s u i t  t h i s  purpose 
w i t h  r e l a t i v e  ease. 
Such a combination system w i l l  prov ide ease o f  manipulat ion i n  
ob ta in ing  the raw data, rea l - t ime processing, and d isp lay  cf "normalized" 
p l o t t e d  spectra dur ing the experiment and increase accuracy o f  the 
o r i g i n a l  raw data. 
i n  t h i s  fashion, the mass spectra of  a l l  organic substances tha t  
can be expel led i n  s i g n i f i c a n t  amounts from the lunar ma te r i a l s  by the 
ac t i on  o f  heat a t  low pressures can be recorded. S i m i l a r l y ,  most 
substances not v o l a t i l e  under these cond i t ions  w i l l  undergo p y r o l y s i s  
and g ive r i s e  t o  the appearance o f  the c h a r a c t e r i s t i c  compounds a t  the 
higher sample temperatures. While a d e t a i l e d  i n t e r p r e t a t i o n  o f  the 
spectra obtained i n  terms o f  s p e c i f i c  compounds w i l l  be q u i t e  d i f -  
f i c u l t ,  the data w i l l  i nd i ca te  the degree o f  abundance, as we l l  as 
the type ( i n  very general terms) o f  the compounds poss ib ly  present.  
Most important, any compound found l a t e r  t o  be present would have 
given r i s e  to  c e r t a i n  c h a r a c t e r i s t i c  peaks. The i r  poss ib le  absence 
i n  these o r i g i n a l  spectra would cas t  doubt on the genuineness o f  t h i s  
component and requ i re  a search f o r  poss ib le  t e r r e s t r i a l  sources f o r  
t h t s  substance as a contaminant. 
1 1 .  SAMPLE TRANSFER INTO THE MASS SPECTROMETER 
As o u t l i n e d  above, there are two p r i n c i p a l l y  d i f f e r e n t  sampling 
systems required: 
A. For the recording o f  ths mass spectrum o f  the gas phase i n  a 
selected, vacuum-tight container, a vacuum lock  la rge  enough t o  
accommodate the container i t s e l f  i s  required. A bel low connection 
between a hol low needle and the i o n i z a t i o n  chamber should ma42 i t  
poss ib le  t o  es tab l i sh  connection o f  the ionizat i ,on region w i t h  
the ins ide  o f  the sample conta iner  by p i e r c i n g  i t s  wa l l  a f t e r  
the instrument background has reached a su i tab l y  low l e v e l .  
B .  For the recording o f  the mass spectra o f  the compounds evo lv ing  
upon heat ing a sample, a mod i f i ca t i on  o f  vacuum-lock type sam- 
p l i n g  systems present ly  i n  use i s  considered. Mod i f i ca t ions  
would involve increase i n  s ize  t o  accommodate l a rge r  samples and 
f a c i l i t i e s  fo r  remote opera t ion  and feedback con t ro l .  
Since there i s  a f i n i t e  p o s s i b i l i t y  t ha t  the number o f  samples 
tha t  w i l l  be returned t o  ea r th  i n  t i g h t l y  sealed conta iners w i l l  
be small, one should be prepared t o  use the organic mater ia l  t ha t  
w i l l  be evolved dur ing the course o f  the inorganic gas (and isotope) 
analys is  (Dr. Schaeffer, P r i n c i p a l  Inves t iga tor ,  Geochemistry Group). 
. For t h i s  purpose the t rap  used t o  condense the organic mater ia l  
should be provided w i t h  valves and f langes which permi t  i t s  removal from the 
gas analysis system and connect i on  t o  the mass spectometer described above. 
Ill. PERSONNEL REQUIREMENTS 
Because o f  the h igh degree o f  experience requi red t o  perform these 
experiments, they must be c a r r i e d  out  by s c i e n t i s t s  t ra ined  i n  t h i s  
f i e l d .  A d e t a i l e d  step-by-step desc r ip t i on  o f  the procedure, as i t  
would be requi red if the task were performed by people o ther  than 
those who developed these techniques, i s  thus ne i the r  poss ib le  nor 
requ i red. 
I V .  DISTRIBUTION AND INTERPRETATION OF RAW DATA 
I t  i s  intended t o  i n t e r p r e t  the d a ~ a  dur ing  and immediately 
f o l l ow ing  t h e i r  acqu is i t i on .  Th is  i n t e r p r e t a t i o n  sha l l  be the product 
o f  our informal d l  scuss ic7 group (consortium), consist ing o f  organic mass 
spectroscopists representing a l l   hose groups who have been, by that  time, 
spec i f i ca l l y  approved for  invest igat ion o f  the lunar samples by mass spectro- 
metry, because the experiments out l ined above are performed mainly f o r  t h e i r  
-. benef i t .  Duplicates o f  the raw data tapes are t o  be d is t r ibu ted  t o  these 
groups o f  p r inc ipa l  investigators. 
It should be very c l ea r l y  understood that  these prel iminary invest igat ions 
t o  be performed a t  LRL and discussed above represent only a very small pa r t  
o f  the analyt ical -organic chemical invest igat ions t o  be performed on the 
various lunar samples a f t e r  release from qua;antine. These deta i led ard 
complex experiments w i l l  involve iso la t ion,  enrichment, and separation o f  the 
possib ly very complex mixture o f  traces o f  organic material and i t s  char- 
ac te r i za t ion  by high reso lu t ion mass spectrometry, gas chromatography, and 
various other physical methods. These experiments w i l l  take a reasonable 
amount o f  time and require very complex equipment and h igh ly  special ized 
t r a i n i ng  and w i l l  be car r ied out a t  the few laborator ies which w i l l  a t  that  
t ime have the required capabi l i ty .  The prel iminary data w i l l  provide i n i t i a l  
guidance as wel l  as an indisputable ear l y  record o f  some sort.  
V. SPACE REQUl REMENTS 
As a rough estimate o f  the space required, one can say that  f l o o r  space 
o f  8 '  x 10' i n  a room I S '  x  20' i s  required f o r  the mass spectrometer. Two 
' I 
a1 ternat  ives are possible: 
A. The e n t i r e  instrument i s  behind the "bio logical  bar r ier . "  
B. P re fe ren t ia l l y ,  only the sample handling pa r t  ar*d the ion source 
housing o f  the spectrometer penetrates behind the bar r ie r .  The 
sample handling system would have t o  be operated from outside the 
b a r r i e r  (w i th  mechanical 7 ~ a n ~ ? u l a t i o n s ) .  
For the data a c q u i s i t i o n  systein, also, 8 '  x 10' f l o o r  space i s  
des i rab le  i n  a  room 15' x 201, which may be occupied, i n  p a r t ,  by 
o ther  equipment. The data a c q u i s i t i o n  system should be outs ide  the 
b i o l o g i t a '  b a r r i e r  bu t  very c lose ( w i t h i n  a few fee t  o f  cable) t o  the 
spectrometer . 
MICROBIOLOGICAL PROFILES 
CREW AND ENVIRONMENT MICROBIOLOGY 
Special examination o f  the astronauts and i s o l a t i o n  o f  the samples 
and other  mater ia ls  tha t  have been i n  contact w i t h  lunar mater ia l  are 
necessary u n t i l  there i s  reasonable assurance o f  the absence o f  back 
contamination tha t  would endanger the p u b l i c ' s  he2lth, a g r i c u l t u r e ,  and 
o ther  l i v i n g  resources. The astronauts, having been on the Moon's sur- 
face, w i l l  be considered t o  have been exposed t o  lunar mater ia l  and 
therefore p o t e n t i a l l y  exposed t o  any harmful lunar  b i o l o g i c a l  mater ia ls .  
For t h i s  reason, they w i l l  be quarantined i n  the LRL a f t e r  recovery f o r  a 
minimum o f  30 days. However, a t  l e a s t  60 days would be preferable. The 
recovery operat ion and t ranspor t  o f  astronauts back t o  the LRL w i l l  be 
done w i t h  appropriate means of b i o l o g i c a l  i s o l a t i o n .  
A l l  mater ia l  taken from t e r r e s t r i a l  environment i n t o  f l i g h t  must be 
s t e r i l i z e d  i f  possib le and tested f o r  microb ia l  p r o f i l e .  The p r e - f l i g h t  
p r o f i l e  shculd inclade t e s t s  f o r  the presence o f  bac ter ia ,  v i ruses,  myco- 
plasms, fungi, and p a r a s i t i c  protozoans. I t  i s  necessary t o  estab: ish a 
p r e - f l i g h t  p r o f i l e  o f  indigenotls microorganisms o f  the crew, t h e i r  con- 
tacts,  su i t s ,  spacecraft, and food, f o r  use as basel ine infcrmat ion f o r  post- 
f 1 i g h t  comparative purposes. Post-f  1 i g h t  mic rob io log ica l  analys is  o f  
the crew, t h e i r  contacts, su i t s ,  and spacecraft  w i l l  i nd i ca ie  any possib le 
a l t e r a t i o n s  r e s u l t i n g  from Apol lo f l i g h t  and lunar landing, p a r t i c u l a r l y  
w i t h  respect t o  pathogens. 
PROTOCOLS FOR THE RECOVERY 
OF MICROORGANISMS FROM THE CREW 
PRE-FL I GHT TEST i NG PROCEDURES 
The men s h a l l  be brought together a t  ldas t  two weeks* p r i o r  t o  f l i g h t  
t o  ob ta in  a c o q l e t e  p r o f i l e  o f  microorganisms. A l l  personnel i n  c lose con- 
t a c t  w i t h  the men dur ing t h i s  i s o l a t i o n  per iod,  such as physicians, technicians, 
e t c ,  s h a l l  be included i n  these tes ts .  Any i l l n e s s  i n  the  astronauts'  f am i l i es  
sha l l  a l so  be monitored. Conventional t e r r e s t r i a l  media sha l l  be used. A f t e r  
the f i r s t  f l i g h t ,  lunar media or  simulated lunar media s h a l l  be included. Men 
s h a l l  be tested f o r  p o t e n t i a l  pathogens. If any pathogens are found, they s h a l l  
be eradicated before the f l i g h t .  
Astronauts sha l l  be iso la ted a t  l eas t  10 days p r i o r  t o  the f l i g h t  a t  a 
predetermined s i t e  which w i l l  a l l w  contact on ly  w i t h  each other and nec- 
essary medical personnel. 
The astronauts sha l l  have a complete microb io log ica l  p r o f i l e  performed 
p r i o r  t o  f l i g h t  t o  es tab l i sh  basel ine infonnat ion f o r  p o s t - f l i g h t  comparison and 
t o  es tab l i sh  the degree o f  commonality and compatibility o f  m ic ro f l o ra  among 
crew members. I n i t i a l  r e l a t i v e  propor t ions  o f  g iven organisms s h a l l  a l s o  be 
observed. 
BACTE R l A 
I. METHOD OF COLLECTION 
The samples sha l l  be taken dur ing the t e s t i n g  per iod  before f l i g h t  a t  
designated in te rva l s  so tha t  a minim,ug o f . s i x  sampJes s h a l l  be taken 
0 
* 21 days o r  longer has been suggested by several consultants. 
from each o f  the body areas designated A and a minimum o f  three from 
the B areas on each subject.  I f  possib le,  several camples should be 
obtained p r i o r  t o  c lose  contact among the men. i . ,non should there- 
a f t e r  be together bu t  i so la ted  from o ther  men except f o r  those sur- 
g i c a l l y  gowned. D a i l y  samples dur ing  the p r e - f l i g h t  incubat ion per iod  
are  suggested. C o l l e c t i o n  methods s h a l l  be coordinated as much as 
poss ib le  w i t h  mycoplasma, v i r a l  and the  o ther  p ro toco ls  deal ing w i t h  
crew microbio logy (See Table I I). 
The method o f  c o l l e c t i o n  f o r  each area i s  as fo l lows:  
\ 
A. Body Areas - Two swabs from each body area s h a l l  be co l lec ted .  
The body areas a re  l i s t e d  i n  o rder  o f  impor taxe.  One swab i s  t o  
be placed immediately i n  10 m l  t h i o g l y c o l l a t e  b r o t h  o r  G a l l ' s  b r o t h  
p lus  cys te ine  f o r  anaerobic c u l t u r i n g  and one i s  t o  be placed i n  
10 ml t r y p t i c a s e  soy o r  hear t  i n fus ion  b ro th  f o r  aerobic  cu l tu r i ng . *  
Co l l ec t i on  s h a l l  be made by swabbing a 1 by 1/2 inch area as fo l lews:  
1. Throat - While depressing tongue, swab t o n s i l l a r  a r i a .  (A area) 
2. Groin - Swab from f r o n t  toward rear .  (A area) 
3. ~ o e  webs - Swab area between toes; (A  area) 
4. Glans penis - Swab spec i f i ed  a;ea of  s k i n  o f  g lans,  o r  between 
glans and foreskin.  (A area) 
5 .  Scalp - Swab w i t h  a scraplng motion w i t h i n  thc area o f  h a i r  
growth. ( B  area) 
6. Gingival  area - Dental instruments s h a l l  be employed t o  ob ta in  
samples from the appropr iate area. (B area) The col1ect;on o f  
s a l i v a r y  samples has a l so  been suggested. 
- 
Where specimens are co l l ec ted  f o r  v i r o l o g y  and mycoplasma from the same 
area, the sp cimen s h a l l  i n i t i a l l y  be placed i n  veal i n fus ion  b ro th .  Ha l f  
o f  t h i s  s h a l l  be removed, a n t i b i o t i c s  added, and used f o r  v i r a l  i s o l a t i o n  
procedures. The o ther  h a l f  sha l l  be t rea ted  as ind ica ted  above. 
7.  Ear - While pushing earlobe down and toward neck, gen t l y  swab external  
aud i to ry  canal w i t h  c i r c u l a r  motion. (B area). 
8.  Axi l l a  - Swab w i  th  care t o  get  specimen from s k i n  below ha1 r area. 
(A area). 
9. Umbil icus - Gently expose deeper fo lds  of umbi l icus by p u l l i n g  
upwards on surrounding abdominal t i ssue  i n  order  t o  swab a l l  areas. 
(B area). 
10. Nose - Nasal wash, see v i r o l o g y  pro toco l  f o r  complete procedure. 
11.  Eye - Ever t  lower e y e l i d  and swab con junc t iva  gent ly ,  f o l l o w i r ~ j  
contour o f  e y e l i d  w i t h  swab. (B area).  
12. Anal f o l d  - The swab s h a l l  be gen t l y  r o l l e d  over the area immediately 
adjacent t o  ex terna l  anal sphincter .  (8  area). 
For purposes o f  approximate quan t i t a t i on ,  each swab i s  considered t o  
contair, about 0.01 gm uF sample. 
B. Feces 
Fecal samples s h a l l  be e l im ina ted i n t o  s t e r i l e  p l a s t i c  conta iners and 
sha l l  be cu l tu red  w i t h i n  15 minutes o f  e l  im ina t ion  (A area) i f  possib le.  
This i s  the most important sampling area. 
C.  Ur ine 
An intermit tent-voiding-midstream sampling sha l l  be used. The f i r s t  
running sha l l  be discarded and the second co l l ec ted  i n  a s t e r i l e  vessei. 
(B area). 
D. Blood 
Ten m l  o f  blood sha l l  be co l l ec ted  a s e p t i c a l l y  on three d i f f e r e n t  
days. (A area) . 
I I .  OS!YARY CULTURING 
The samples s h a l l  be examined immediately f o r  both aerobic and 
anaerobic bac te r i a  as we l l  as yeasts, molds, and actinomycetes by the methods 
* 
ou t l i ned  below, u s i ~ g  the media spec i f ied  f o r  each area i n  Table I .  
A. Body areas 
1. Aerobic 
The aerobic swab co l l ec ted  fo r  each body area sha l l  be emul- 
s i f i e d  i n  10 m l  o f  b ro th  i n t o  which i t  s h a l l  be placed when c o l -  
lected. The qedia i n  Table I s h a l l  be inoculated from t h i s  tube. 
Ten-fold s e r i a l  d i l u t i o n s  i n  4-6 tubes s h a l l  be made i n  t r y p t i -  
case soy depending upon the number o f  organisms expected t o  be 
present i n  the sample,based on previous experience. The exact 
procedure f o r  c u l t u r i n g  i s  shown i n  F igure 1 .  The t r yp t i case  
soy bro th  ser ies  sha l l  be incubated ae rob i ca l l y  a t  3 5 ' ~  and 
* 
obser ed f o r  growth a t  24 and 48 hours. A l l  cu l t u res  shuving 
growth s h a l l  be smeared. Aerobic p l a t e s  s h a l l  be made on the 
media l i s t e d  i n  Table I f o r  each o f  the body areas by spreading 
0.1 m l  o f  b r o t h  from the lead tube + 1 on the p l a t e  us ing a 
g lass spreader o r  from an appropr ia te ly  8 i l u t e  tube t o  a l l ow  
adequate separat ion o f  co lonies on the p la tes .  Changes i n  the 
rube from which p l a t i n g s  are made may be necessary a f t e r  a per iod  
- - -  - - p ~ ~  ~ 
* The use o f  insonat ion i s  recommended as an a l t e rna te  procedure i n  recov- 
e r i n g  microorganisms from swabs and specimens. 
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o f  no t  washing, such as immediately upon r e t u r n  from tne lunar 
voyage. Aerobic ccunt s h a l l  be taken frm a blood p la te .  Both 
t o t a l  and d i f f e r e n t i a l  counts o f  the serobic  and anaerobic bac- 
t e r i a  i n  the specimen p r i o r  t o  enrichment s h a l l  be obtained. 
2. Anaerobic 
The anaerobic swab from each body area s h a l l  be emuls i f ied  i n  
10 m l  o f  b ro th  i n t o  which the swab i s  placed when co l lec ted .  
The sample s h a l l  then be 10- fo ld s e r i a l l y  d i l u t e d  through 4-6 
tubes o f  f l u i d  t h i o g l y c o l l a t e  o r  G a l l ' s  b ra th  conts in ing  cyste ine 
by making the appropr iate di lut ions,which depend upon the numbers 
o f  organisms expected i n  t h a t  p a r t i c u l a r  sample. This procedure, 
which i s  e s s e n t i a l l y  the same as the aerobic method, i s  depicted 
i n  Figure 1. The cu l tu res  s h a l l  then be incubated i n  a n i t rogen 
~ncuba to r  w i t h  105 C02 a t  35'C and observed a f t e r  24 and 48 
hours f o r  grorlth. I f  t ime and space permi t ,  agar shakes i n  
G a l l ' s  agar s h a l l  be made from the top 2 o r  3 d i l u t i o n s  showing 
growth, and s l i des  at-e t o  be made on a l l  cu l t u res  tha t  show growth. 
The agar shakes s h a l l  then be f u r t h e r  studied. I f  t ime and space 
p s m i t ,  an;?:; I c  Brewer p la tes  s h a l l  a l so  be made w i t h  1.0 m l  
. o f  the 2;:propr;ate d i l u t i o n  o f  the th roa t ,  buccal and glans penis 
sarnp!es s i n g  G a l l ' s  agar w i t h  cyste ine.  A blood agar p l a t e  
s h a l l  be inoculated w i t h  0.1 m l  from the lead tube + 1 and spread 
over the surface o f  the p l a t e  w i t h  a s t e r i l e ,  bent-glass rod. 
A pour p l a t e  o f  Rogosa's agar, when appropr iate,  s h a l l  be inocu- 
l a ted  w i t h  1.0 m l  o f  the lead tubs + 1. These p la tes  s h a l l  be 
Incubated i n  the i l ~ a e r o l i c  incubator w i t h  10% CC2. 
8. Primary c u l t u r i n g  o f  feces -
1. Aerobic 
The inoculum f o r  the aerobic p la tes  from the feca l  sample 
s h a l l  be taken from the anaerobic b r o t h  ser ies .  One-tenth m l  
from the  lead tube + 1 s h a l l  be spread on one blood p la te .  A l l  
o ther  aerobic  media l i s t e d  i n  Table 1 under the column f o r  feces 
( i nc lud ing  the second blood p la te )  s h a l l  be made by spreading 
0.1 m l  o f  the  lead tube + 2 on the p l a t e  w i t h  a glass rod. 
0.1 m l  o f  the  lead tube + 2 s h a l l  be a l so  used as inoculum f o r  
a pour p l a t e  f o r  the aerobic count. One m l  o f  thc lead tube 
+ 2 i s  t o  be used as inoculum f o r  the  Rogosa'c nr32!r p la te .  
2. Anaerobic 
The anaerobic b ro th  ser ies  f o r  the pr imary c u l t u r e  o f  the 
feca l  sample s h a l l  be co r re la ted  w i t h  the v i r a l  s u l t u r e  pro- 
cedures insofar as possib le.  Ten grams o f  feca l  ma te r i a l  s h a l l  
be m:xed i n  100 m l  Hanks Salanced S a l t  s o l u t i o n  conta in ing no 
a n t i b i o t i c s .  F igure 2 g iveq a schematic representat ion o f  the 
prima.ry c u l t u r i n g  tec~in ique,  wt~ich i s  modif ied t o  c u l t u r e  from 
0.01 g (0.1 m l  3f the above m i x t ~ r e )  o r  a standard l oop fu l  o f  
I I 
. f r e s h l y  e l  i rnir~ated feca l  ma te r i s l .  Samples s h a l l  be cu l tu red  
w i t h i n  , f i f t e e n  minutes o f  e l im ind t l on .  
The feca l  inoculurn s h a l l  be placed i n t o  a rube c 3 ~ t a i n i n g  10 m l  
o f  t h iog l yco l  l a t e  o r  Gal 1's b ro th  prepared w i t h  t ~ o  ?raps o f  c y s t e i i e  
and one drop o f  sodium bicarbonate. This tube i s  conrzdered t o  repr,c;r-nt 
roughly a loo3 d i l u t i o n  o f  the fecal  contents. Ser ia l  d i l u t i ons  are 
t o  be made i n t o  9 addi t iona l  tubes containing 9 rnl o f  th iog lyco l la te  
o r  Ca l l ' s  broth prepared as above by t ransfer r ing 1 rnl from the ino- 
culated tube i n t o  the next tube, etc. The top 9 tubes sha l l  be labeled 
i n  numerical order and incubated anaerobically i n  a ni t rogen incubator 
w i t h  10% C02 un t i  1 growth occurs (usual l y  w i t h i n  48 hours). Observa- 
t ions sha l l  be made a t  16 and 24 hours and d a i l y  thereaf ter .  These 
tubes are t o  be considered t o  approximate a d i l u t i o n  o f  the sample from 
t o  10"~.  No d i l u t i o n  blanks are t o  be used, as each tube con- 
ta in ing  broth acts as a d i l u t i o n  blank f o r  the next tube i n  the series. 
- 
If time and space permit,pour p lates sha l l  be made i n t o  anaerobic 
Brewer dishes from tubes 6 and 7 using Gal 1's medium w i t h  cysteine 
and bicarbonate added. 
If time and space permit, the top three tubes showing growth sha l l  
be subcultured i n t o  agar shakes using th iog lyco l la te  o r  Ga l l ' s  medium 
t o  observe the anaerobic o r  aerobic character o f  the growth and t o  
preserve the cul tures f o r  transport and f o r  p u r i f i c a t i o n  and study. 
Blood plates sha l l  a lso be made from the and lo-' d i l u t i o n  
o f  the fecal sample by the same technique as the aerobic p lates from 
the other body areas and sha l l  be incubated i n  the same manner as the 
anaerobic broth series. Growth sha l l  be recorded a f t e r  24-48 hours 
and the plates sha l l  be t reated i n  the same manner as the aerobic 
blood plates described i n  the section on secondary cu l tur ing.  
C. Primary cu l tu r inq  o f  ur ine 
One drop o f  ur ine sha l l  be spread over plates o f  the media desig- 
nated i n  Table 1. 
0. Primary c u l t u r i n g  o f  b l o o ~  
Aseptical ly-drawn blood s h a l l  be placed i n t o  the  media designated 
In Table 1. Hyland di-phasic b o t t l e s  which are three-sided (chocolate 
agar l aye r  on one side, n u t r i e n t  agar on the  second side, and no mcdium 
- on the  t h i r d  side) s h a l l  a l so  be used. These b o t t l e s  s h a l l  conta in 
t r yp t i case  soy b ro th  and s h a l l  have an atmosphere o f  e i t h e r  10% CO + 2 
90% a i  r o r  10% C02 + 90% nitrogen. They s h a l l  be incubated a t  2 9  
and 3s°C. 
I I I . SECONDARY CULTURI NG 
A. Aerobic 
A l l  the  cu l tu res  from the P e t r i  dishes s h a l l  be incubated aero- 
b i c a l l y  and i n  containers w i t h  a i r  p lus  10% CO Selected colonies 2 ' 
s h a l l  be picked i n t o  broth.  A l l  o ther  colonies from the aerobic 
p la tes  s h a l l  be processed by the  usual aerobic methods. The cu l -  
tures s h a l l  be smeared, stained, observed microscopical ly ,  separated 
according t o  morphological types, and processed according t o  the 
schema on the  fo l l ow ing  pages o r  t h a t  used i n  standard d iagnost ic  
.bac ter io log ica l  i d e n t i f i c a t i o n  schema. These include secondary 
c u l t u r i n g  on d i f f e r e n t i a l  media, biochemical testing,and sero-typing. 
B. Anaerobic 
1. Body areas 
I f  agar shakes and brewer p la tes  were made, the organisms 
s h a l l  be separated i n t o  two groups, depending upon the  degree o f  
anaerobiosis. The ob l i ga te  anaerobes s h a l l  be processed i n  the 
same way as the feca l  anaerobes described below w i t h  the  e::c?p- 
t i o n  t h a t  many o f  the cuitures, p a r t i c u l a r l y  from the g ing iva l  area, 
throat,and glans penis s h a l l  be i d e n t i f i e d  from Bergey's manual. 
The f a c u l t a t i v e  anaerobes s h a l l  then be grouped according t o  mor- 
phology anJ s h a l l  be processed as indicated f o r  the aerobes o f  
s i m i l a r  morphology. 
2. Feces 
Cultures from the top three tubes o f  the ser ies  s h a l l  be 
processed i n  the  fo l l ow ing  manner. The agar shake c u l t u r e s , i f  
made,shall be t rans fer red t o  t h i o g l y c o l l a t e  o r  G a l l ' s  b ro th  p lus  
cyste ine and incubated anaerobical ly  u n t i l  growth occurs. Gram 
s ta ins  s h a l l  be made from the p lates.  I f  the  cu l tu res  are  pure, 
they s h a l l  be immediately p r o c e = ~ t L  as described below. Cultures 
showing two o r  more d i s t i n c t  morphological types o f  bac te r ia  s h a l l  
, 
be p u r i f i e d  by p lat ing,using the fo l lowing anaerobic technique. 
A loop o f  the impure b ro th  c u l t u r e  s h a l l  be spread on blood agar 
o r  on a bed o f  G a l l ' s  agar,which s h a l l  then be covered w i t h  a 
layer  o f  G a l l ' s  agar w i t h  added cysteine. The p la tes  s h a l l  be 
incubated anaerobical l y  i n  a n i t rogen incubator w i t h  10% CO and 2 
d isc re te  colonies s h a l l  be picked. e lected colonies on the 
anaerobic Brewer dishes o r i g i n a t i n g  from tubes 5 and 6 s h a l l  be 
picked and t rea ted l i k e  the subcultures from the agar shakes, 
as described above,if these experiments have been done. The phy- 
s i o l o g i c a l  studies o f  the pure cu l tu res  i so la ted  from the feces 
s h a l l  include the fo l l ow ing  screen tes ts :  
a. Gram s t a i n  t o  observe morphology. 
b, F ina l  pH i n  0.1% glucose broth. 
c. Fermentation o f  the fo l lowing carbohydrates i n  Andrade's 
fermentat ion b ro th  base (glucose, sucrose, lactose, dex t r i n ) .  
These sugars sha l l  be added a t  0.1% leve l  asep t i ca l l y  a f t e r  
autoclaving. 
' d. Growth i n  t h i o g l y c o l l a t e  o r  i n  G a l l ' s  b ro th  w i t h  no carbohydrate. 
e. L iquefac t ion  o f  12% ge la t i n ,  i n  standard media f o r  these tests,  
o r  i n  G a l l ' s  media minus carbohydrate. 
f. Growth and reac t ion  i n  l i tmus  m i l k  ( t o  which 0.05% bovine 
a1 bumi n and 0.1% o f  pep tone have been added) s h a l l  be observed. 
g. Growth i n  agar shake conta in ing blood o r  G a l l ' s  medium sha l l  
be observed. 
3. Urine 
The procedures sha l l  f o l l o w  those l i s t e d  i n  the schema f o r  Pre- 
f l i g h t  Test ing and are the same as those given f o r  t he  body areas. 
4. Blood 
The procedures s h a l l  f o l l o w  those ou t l i ned  i n  the schema f o r  
P r e - f l i g h t  Testing. 
I n  the sect ion on media composition, the technique and se lec t i ve  
reac t ion  i s  described. The media are grouped according t o  primary o r  
'secondary media and are alphabetized i n  each group. Media which may 
be used both as pr imary and secondary media w i l l  be included i n  the 
primary media only. 
C.  Schema f o r  Secondary Observation o f  Aerobic Cultures 
1. Staphylococci and Micrococci 
Cultures sha l l  be placed on Mannitol Sal t  Agar. 
a. A l l  p o s i t i v e  resu l t s  on the above agar sha l l  be confirmed by the 
coagu 1 ase t e s t  . 
b. Phage typ ing  on se lec t i ve  p o s i t i v e  cu l tu res  s h a l l  be run as 
described below 
S t  rep tococc i 
a. H e m l y s i s  on blood agar (sheep blood) s h a l l  be observed. The 
r e l a t i v e  number o f  hemolyt ic co lon ies  and the number o f  B hemolyt ic 
co lon ies  s h a l l  be recorded. 
(1) Alpha hemolysis 
, 
(2) Beta hemolysis 
(3) Gamma hemolysis 
b. Growth on M i t i s - S a l i v a r i u s  Agar s h a l l  be observed. 
c. A d i f f e r e n t i a l  sugars ser ies  s h a l l  be run i f  organisms are not  iden- 
t i f i a b l e  under 1 o r  2. Andrade's fermentat ion b r o t h  base o r  
cysteine-trypt icase semi-sol id agar p l u s  each o f  these compounds 
s h a l l  be used. 
(1) Lactose 
(2) Ma1 tose 
(3) Manni to1 
(4) l n u l i n  
(5) Dex t r i n  
(6) Sorbi to1 
(7) Trehalose 
d. Sero-typing on Beta hemolyt ic cu l t u res  sha l l  be performed. 
3. Pneumococci 
a. B i l e  s o l u b i l i t y  t e s t  described below sha l l  be run. 
b. Sero-typing s h a l l  be performed. 
4. Haemophilus 
This organism s h a l l  be i d e n t i f i e d  w i t h  typ ing  an t isera .  ' 
5.  Neisser ia 
a. The 3xidase t e s t  described below s h a l l  be run. A l l  Oxidase 
p o s i t i v e s  sha l l  be sugar tested i n  Andrade's fermentat ion b ro th  
base o r  cys te ine- t ryp t icase semi-sol id agar w i t h  each o f  the 
f o l  lowing compounds- 
(1) Dextrose 
(2).  Ma1 tose 
(3) Sucrose 
(4) Levulose 
(5) Manni to1 
b. Serologic groupings s h a l l  be done. 
6. Gram-Positive Rods 
The t e s t ,  f o r  Catalase (described below) s h a l l  be performed. Fecal 
anaerobes s h a l l  a l so  be tested. 
( 1 )  Catalase negat ive (suspicious lactobaci  11  i) s h a l l  be confirmed 
on Rogosa's medium. 
(2) The f o l l o w i n g  observat ions s h a l l  be made on the Catalase posi -  
t i v e  gram-posit ive rods. 
(a) Sporulat ion s h a l l  be observed from spore s ta ins  o r  Gram 
s ta ins .  
(b) T e l l u r i t e  medium (1% added t o  t r yp t i case  soy agar) sha l l  I 
be inoculated. 
(c) Ge la t i n  ( G a l l ' s  o r  other)  sha l l  be inoculated. 
(d) The Ziehl-Neelsen s t a i n  sha l l  be run. 
(e) Hem01 ys i s on sheep blood sha l l  be observed. 
( f)  L o e f f l e r ' s  Medium sha l l  be inoculated. 
(g) Fluorescence :l~c!2r Woods' 1 ight shall be observed. 
7. Gram-Negative Rods 
All Salmonella-or Shiqella-like colonies shall be iso1a;:ed and defini- 
tively identified. The following media shall be inoculated: 
a. Triple Sugar Iron Agar medium 
b. SIM medium 
c. Methyl red Voges-Proskauer medium 
d. Sirnmon's citrate medium 
e. Urease medium 
f .  Nitrate medium 
g. Litmus milk medium 
h. Gelatin (Gall's) medium 
i .  Potassium cyanide medium 
j. Phenylalanine medium 
k. Tryptone broth or broth containing tryptophan 
1. W medium 
m. Cytochrome oxidase tests (on all alkaline over alkaline TSl's) 
shall be run. 
n. Typing antisera (Shigella, Salmonella, Escherichia, Klebsiella) 
shall be used. 
1 1  
Macroscopic'and Microscopic Observations 
Detailed procedures for differential staining and microscopic obser- 
vations of these organisms are given in the section dealing with the 
isolation of microorganisms from the lunar sample. 
9. SUBSIDIARY TESTING 
a. Phase t yp ing  
Twenty-two standard phages recommended by the In te rna t i ona l  
Subcommittee on Phage typ ing  o f  staphylococcus s h a l l  be used. 
The phages are: 29, 52, 52A, 79, 80, 3A, 38, 3C ,  55, 71, 6, 
7, 42E, 47, 53, 54, 75, 77, 83A, 42D, 81 , 187, and UC- 18. 
The methods recommended by the subcommittee sha l l  be employed. 
Cul tures s h a l l  be typed f i r s t  w i t h  the rou t i ne  t e s t  d i l u t i o n s  
(RTD) of the phages. Those cu l tu res  which show no s i g n i f i c a n t  
l y t i c  react ions a t  R I D  sha l l  then be retyped w i t h  the phages 
i n  concentrat ions 1000 times stronger than RTD. The phage 
pat te rn ,  o r  "type" o f  a cu l  ture, i f  reported by 1 i s t  i ng those 
phages tha t  produced s i g n i f i c a n t  l y s i s  a t  e i t h e r  RTD o r  
100 x RTD, sha l l  be recorded as nontypable i f  no l y s i s  a t  1000 x RTD. 
b .  Seroloqical  and f luorescent  ant ibody t yp ing  
(1) Streptococcus 
(2) Haemoph l 1 us 
' (3 )  Escher ich ia 
(4) Corynebacterium 
(5) K lebs ie l  l a  
(6) Lep tosp i ra  
(7) Mycobacter i um 
(8) Ne isser ia  
(9) Pneurnococcus 
(10) -- Proteus 
(1 1) Salmonel l a  
(12) Shiqel l a  
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TREPONEMES 
I. METHOD OF COLLECTION 
Samples s h a l l  be taken from the blood, g ing i va l  margin o f  the 
gums (or  sa l  iva), as we1 1 as the resp i r a t o r y  and gen i t a l  mucous membranes. 
The methods prev ious ly  described under Pre-Fl ight  Test ing Procedures 
f ~ r  Bacter ia  s h a l l  be used. 
I I .  PRIMARY CULTURING 
If a treponemal i n f e c t i o n  i s  suspected and the standard miethods o f  
~ d e n t i f i c a t i o n  us ing the more d i r e c t  methods o f  microscopic examination 
p rove  unrewarding, c u l t u r i n g  methods s h a l l  be performed. However, 
these organisms are grown w i t h  great  d i f f i c u l t y  and t h i s  i s  no t  usua l ly  
a rou t i ne  procedure. Specimens t o  which no a n t i b i o t i c s  have been added 
s h a l l  be studied. 
The fo l l ow ing  media sha l l  be inoculated and incubated m a e r o b i c a l l y  
a t  35'~. 
A. Noguchi's a s c i t i c  f l u i d  r a b b i t  kidney medium. 
B. S tua r t ' s  mediunl and enrichment serum. 
Animal i nocu la t i on  a lso  can be used i f  necessary;k 
I I I . SECONDARY CULTUR l NG 
Organisms obtained i n  pure c u l t u r e  sha l l  be i d e n t i f i e d  microscopic- 
a l l y  by observing the c h a r a c t e r i s t i c  s p i r a l  shape and the f luorescent  
react ions.  
I V .  MICROSCOPIC OLSERVATION 
This i s  the standard method of i d e n t i f i c a t i o n .  Unstained smears 
s h a l l  be examined f o r  c h a r a c t e r i s t i c  morphology under the d a r k f i e l d  
+:The r a b b i t  i s  the animal o f  choice f o r  these organisms. A few sha l l  be kept 
i n  the support laboratory f o r  use i f  ind icated.  
microscope. Smears and f lood f i lms  sha l l  be stained w i t h  Giemsa's 
s ta in .  Fluorescent antibody tes ts  s h a l l  be examined microscopical ly  
t o  determine f 1 uorescence . 
V. IDENTIFICATION 
Organismr sha l l  be recognized by t h e i r  c h a r a c t e r i s t i c  s p i r a l  
morphology, f luorescent antibody absorpt ion reactions,and o ther  
sero logical  t es ts  i f  necessary. 
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MYCOPLASMA 
I. METHOD OF COLLECTION 
Samples co l  lected from the crew (eye, nose, g ingiva,  th roat ,  penis, 
and ur ine)  s h a l l  be cu l tu red  f o r  mycoplasma. 
I I. PR~HARY CULTURl NG 
Specimens t o  which no a n t i b i o t i c s  have been added s h a l l  be studied. 
A n t i b i o t i c s  t o  be s p e c i f i c a l l y  excluded are a l l  o f  the te t racyc l ines ,  
chloramphenicol, erythromycin, streptomycin,and kanamycin. 
A. Media 
-
1. PPLO agar conta in ing horse serum (not heat inact ivated)  and yeast 
ex t rac t .  
2. PPLO b ro th  conta in ing horse serum (not heat inac t iva ted)  and yeast 
ex t rac t  . 
Penici  11 i n  (1,000 uni ts /ml ,  amphotericin B 5 .ug/ml, and t h a l l  ium 
acetate (1 : 2000) sha 1 1 be added t o  these media. 
B . procedures -
1. Dupl i c a t e  p la tes  and bro th  tubes (2 ~ 1 1 )  <;ha1 1 be inoculated 
w i t h  a  sample o f  each specimen. The ; lates sha l l  be sealed 
(w i th  p a r a f f i n  go%, vase1 ine lo%, o r  other  appropriate seal) .  
2. Both p la tes  and b ro th  tubes s h a l l  be inc  bated ae rob ica l l y  
and unsealed p la tes  incubated anaerobi c a l l  y. 
3. Tubes and p la tes  should be examined every 3 days, the p la tes  
under 35 X magni f icat ion.  
I I I. SECONDARY CULTURING 
Specimen= from primary c u l t u r i n g  media, arl imals, embryonated eggs, 
and t i ssue cu l tu res ,  s h a l l  be put i n t o  a n t i b i o t i c  f ree media as designated 
m d e r  the sec t ion  on Primary Cu l tu r i ng .  
Mycoplasma i so la tes  should be t rans fer red  several times s e r i a l l y  
i n  b ro th  suspension,tested f o r  b a c t e r i a l  contamination by gram s t a i n  
and subculture, and then s tored i n  small a1 iquots a t  -80'~. 
IV. MICROSCOPIC EXAMINATION 
Colonies appearing on s o l i d  agar s h a l l  be studied by the technique 
o f  Dienes f o r  morphologic cha rac te r i s t i cs .  
V. l DENTI F l  CAT ION (SEROLOG I C TEST! NG) 
A. i so la tes  s h a l l  be tes ted  w i t h  a v a r i e t y  o f  an t i se ra  against known 
mycoplasma s ta ins  by the technique o f  Clyde (1964). 
B. Serum from crew members and animals inoculated against a v a r i e t y  
o f  mycoplasma s ta ins  s h a l l  be tes ted  by the technique o f  metabol ic 
i n h i b i t i o n  o f  Taylor-Robinson e t  a l . ,  (1966). 
C. The sera i n  V-B s h a l l  a l s o  be tested by the technique o f  colony- 
forming u n i t  reduction, as fo l lows:  
Broth cu l tu res ,  f rozen i n  small a l i q u o t %  should prov ide mycoplasma 
suspensions o f  reproducib le t i t e r .  The suspension s h a l l  be d i l u t e d  t o  
4 
conta in 4 - 12 x 10 CFU/ml. For tests requ i r i ng  heat l a b i l e  serum 
component(s), pooled normal guinea p i g  serum frozen i n  small a l i q u o t s  
immediately a f t e r  c o l l e c t i o n  s h a l l  be used. An a l i q u o t  o f  t h i s  serum f i r s t  
s h a l l  be t i t r a t e d  i n  the presence o f  excess antibody. For l a t e r  use i n  the 
t e s t ,  the serum s h a l l  be d i l u t e d  t o  prov ide approximately 4 times the 
minimal e f f e c t i v e  dose. D i l u t i o n s  s h a l l  be made i n  PPLO b ro th  w i thout  
serum, bu t  conta in ing 0.00) M Mg ( ~ 9 ~ 1 ~ )  and 0.00015 M Ca (cac12). 
The t e s t  system s h a l l  consis t  o f  0.2 m l  o f  the c u l t u r e  d i l u t i o n ,  
0.1 m l  o f  d i l u t e d  r a b b i t  immune serum,and 0.1 m l  o f  e i t h e r  d i l u t e d  guinea 
p i g  serum o r  broth.  Mixtures ~ h c l ) l d  be incubated a t  35°C f o r  varying 
in terva ls .  Al iquots s h a l l  be t rans fer red from each tube t o  PPLO agar 
p la tes  conta in ing heated horse serum. A 2 mm plat inum loop designed t o  
d e l i v e r  0.005 m l  s h a l l  be used. 
Colony counts s h a l l  be made a f t e r  3-10 days incubation,using a micro- 
scope provid ing 35 X magni f icat ion.  
Note: This i s  an a l te rna te  method f o r  growth i n h i b i t i o n  developed by D r .  Riggs. 
Complement f i x a t i o n  tes t i ng  o f  ant ibodies i n  crew s . a  i s  a more 
widely accepted c l i n i c a l  procedure. 
V I .  REFERENCES 
Hayfl ~ c k ,  L., 1965. Tissue cu l tu res  and Mycoplasmas. Tex. Rep. on 
B io l .  Med. Suppl. 1 : 23, 285-303. 
C h a n  o c k ,  R. M., Hayf l ick, L., and Bar i l e ,  M.F. Proc. National Academy 
o f  Sciences U.S. 1962: 48, 41. 
Clyde, W .A., June, 1964. J. lmmunol ogy 2: 958. 
Taylor-Robinson, e t  a l . ,  1966. J. Hyg. Camb. 64: 91. 
Crawford, Y.E., 1966. A Laboratory Guide t o  the Mycoplasmas o f  Human 
Origin. Naval Med. Res. Un i t  # 4 ,  MR 005.09-0024 R.U. 66.25. 
Ford, D. K., 1967. Re1 a t  ionships between mycoplasmas and the e t i o logy  o f  
nongonococcal u r e t h r i t i s  and R e i t e r ' s  syndrome. N.Y. Academy o f  Science 2nd 
Conference on Biology o f  Mycoplasmas. Ann. N.Y. Aced. Sci. I n  Press. 
FUNGI AND ACTINOMYCETES 
I. METHOD OF COLLECTION 
The procedures f o r  areas and methods o f  c o l l e c t i o n  are  the same as 
those given f o r  bacter ia.  
il. PRIMARY CULTURING 
The b ro th  tubes conta in ing the  aerobic and anaerobic swabs co l lec ted 
f o r  the Bacter io logy sec t ion  sha l l  be use2 as an inoculum f o r  the fo l l ow ing  
media: 
A. Sabouraud's medium 
B. Thompson's cys te in  blood agar 
C. Actincnnyces agar 
D. Phytone yeast agar 
E. Czapek-Dox agar 
F. Sabhi-blood agar 
G. B r a i w h e a r t  cyclohexa.nide chloroarnphenicol medium 
H. Pagano Lev in  agar o r  YM agar ( f o r  yeasts) 
I. Mycobiot ic agar 
The media used fo r  i s o l a t i o n  o f  bac te r ia  (i.e., blood agar, t h iog l yco l -  
l a te ,  phytone yeast ex t rac t ,  etc.)  s h a l l  a l so  be monitored f o r  fungi .  
Plates sha l l  be incubated ae rob ica l l y  and anerobical ly .  The temper- 
0 
a t u  r e  s o f  incubation s h a l l  be room temperature, 30° and 35 C. Post- 
I 
f l i g h t  incubation sha l l  include 4' and 18'~. 
Ill. SECONDARY CULTURING 
The procedures given under the sec t ion  on I s o l a t i o n  o f  Fungi from the 
Lunar Sample s h a l l  be followed. Animal inocu la t ion  i s  a l s o  suggested, i f  
indicated. 
I V .  IDENTIFICATION 
Plates and tubes s h a l l  be observed d a i l y ;  growth s h a l l  be t ransferred,  
picked, i so la ted  i a i  pure culture,and i d e n t i f i e d  according t o  standard 
procedures 
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PROTOZOA AND HELM1 NTHS 
I f  there i s  any poss ib le  e f f e c t  o f  lunar exposure on a parasitemia, and i f  
t h i s  e f f e c t  i s  t o  be demonstrated, i t  i s  suggested t h a t  a two-week pre-exposure 
study I s  not unreasonable. Post-exposure study w i l l ,  o f  course, have i t s  
dura t ion  d i c ta ted  by the  f ind ings ,  o r  lack  thereof.  
Mostof the present-day astronauts are  servicemen o r  ex-servicemen who have 
served i n  p a r t s  o f  the world where pa ras i t i sm i s  an everyday problem, and several 
o f  them may have any number o f  "exot ic" parasites--such as malar ia organisms 
(Plasmod i um) , schi stosomes, f 1 ukes, o r  cestodes. 
I. AREA OF COLLECTION 
Samples s h a l l  be taken from the fo l l ow ing  areas as designated under 
crew bacter io logy:  
A. Gingival margin o r  the  gum 
B. Blood 
C. Urine 
D. Feces 
E. Perianal region (Scotch tape) 
I I .  EXAMINATIONS 
A. Oral 
1.  The on ly  paras i t i sm t o  be expected would be found i n  the t rophozoi te 
stage, such as Entamoeba g i n g i v a l i s  and Trichomonas tenax. 
2. Diagnosis sha l l  be made by d i r e c t  demonstration o f  trophozoites 
under l i g h t  microscopy, using mater ia l  removed from between the 
teeth, from the g ing iva l  margin o f  the gums, o r  from dentures. 
0. I n t e s t  i na l  
1. Routine stool  examinations f o r  trophozoites, cys ts  o f  protozoa, 
and lleggslt o f  helminths usually include the followins: 
a. Direct examination of fecal samples 
b. Examination o f  preserved stained films o f  stools 
c. Concent ration techniques 
Direct examination of unstained films shall be used in the 
determination of living parasites, such a s  motile protozoan 
trophozoites, helminth tteggs,t8 and nematode larvae. 
Iodine staining of fresh films shall be employed primarily to 
aid in the determination of diagnostic features of protozoan 
cysts. 
Polyvinyl alcohol (PVA) shall be used to preserve stool spzcimens. 
Preserved specimens shall be processed and stained for microscopic 
examination. 
Iron-hematoxylin is the stain of choice for preserved films. 
The zinc sulfate centrifugal-flotation technique shall be used to 
concentrate the sample. Since this is not satisfactory for 
operculate helminth "eggs ,I1 nor for those of schi stosomes, an 
acid-ether concentration method shall also be employed. 
Thorough examination for intestinal helminths should also include 
an anal swab (Scotch tape) for demonstration o f  the rather common 
Enterolius vermicularis. 
When direct methods of stool examinations are unrewarding, the 
following methods shall be used: 
a. Nelson's medium for amoebae 
b. Hogue's medium for intestinal flagellates 
c. Balamuthls medium for amoebae 
d. NNN medium for tapeworms 
C. Urine 
1. This i s  the common excret ion i n  which I1eggsl1 o f  Schistosoma 
haematobium are voided, The pathogenic f l age l la te ,  Trichomonas 
vasinal is ,  i s  not inf requent ly seen i n  ur ine sediment from 
infected males. 
2, Concentration techniques sha l l  be used and the sediment 
observed under l i g h t  microscopy. 
D. Blood 
1. Next t o  feces the blood forms the most common medium f o r  recovery 
o f  animal parasites. I n  blood, diagnosis i s  rout ine ly  made f o r  
malaria, trypanosomiasis, and most types o f  f i l a r i a s i s .  
2. The standard procedure f o r  diagnosis o f  blood parasi tes sha l l  be 
used. Sl ide preparations o f  both t h i ck  and t h i n  f i lms  sha l l  be 
made and examined microscopical ly. 
3. Giemsa's s ta i n  sha l l  be used f o r  blood f i lms.  
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V l  RUSES 
I. METHOD OF COLLECTION 
Col lec t ion  o f  specimens should be coordinated w i t h  protocols f o r  
bac te r ia  and rnycoplasma, but p e n i c i l l i n  and streptomycin should be 
added t o  c o l l e c t i o n  media f o r  viruses. Note the s e n s i t i v i t y  of the 
mater ia l  f o r  c u l t u r e  of bacter ia.  See Table 11, MICROBIOLOGY SECTION. 
A. Conjunct ival swab* 
1. Method and procedures 
An app l i ca to r  s h a l l  be l ub r i ca ted  w i t h  veal i n fus ion  b ro th  
and then used t o  swab the conjunct iva lsac between palpebral 
and k, - 'bar  con junc t i -~a  so as t o  occlude the  nasolacrimal duct. 
This i s  s tored i n  3 m l  veal in fus ion  b ro th  conta in ing 0.5% 
bovine serum albumin and e lu ted  by t w i r l i n g  f o r  30-60 seconds. 
2. Time 
Three d i  f fe rent  days. 
B. Nasal washing 
1. Method and procedures 
5 m l  veal i n fus ion  b ro th  ( ~ i f c o )  conta in ing 0.5% bovine 
albumin s h a l l  be i n s t i l l e d  i n t o  each n o s t r i l  w i t h  the head 
t i l t e d  back and the g l o t t i s  closed. The head i s  then brought 
I 
forward and the media and secret ions are a1 lowed t o  run i n t o  a 
s t e r i l e  beaker o r  cup. The washings s h a l l  then be mixed 
* The cot ton  swabs s h a l l  g ive  a neut ra l  reac t ion  i n  d i s t i l l e d  water. Some 
brands are ac id  and t h i s  a c i d i t y  may inac t i va te  the viruses. 
lnsonation sha l l  be recommended as an a l te rna te  method f o r  recovering 
v i ruses from swabs and specimens. 
thoroughly by s w i r l i n s  and placed i n  s u i t a b l e  conta iner  f o r  
storage.and tes t ing .  A f t e r  the sample i s  col lected, 100 
u n i  ts/ml peni c i  11 in,  100 micrograms/ml streptomycin and 20-200 
uni ts /ml  n y s t a t i n  s h a l l  be added. 
2. Time 
Every o the r  day. 
C. Throat swab 
1. Method and procedures 
A d ry  co t ton  app l i ca to r  s h a l l  be used f o r  swabbing the 
th roa t .  Both the t o n s i l l a r  regions and the p o s t e r i o r  pharyngeal 
w a l l  s h a l l  be swabbed. This  app l i ca to r  s h a l l  be placed i n  a 
veal i n fus ion  b ro th  tube and e lu ted  as ind ica ted  i n  A. 
2. Time 
Every o the r  day. 
D. Anal swab 
1. Method and procedures 
The but tocks s h a l l  be spread. A co t ton  a p p l i c a t o r  s h a l l  
be inser ted  about 2-3 inches i n t o  rectum and the rectum gen t l y  
swabbed. Small amounts o f  su rg i ca l  j e l l y  may be used on the 
swab i f  necessary. The swab s h a l l  be placed irt 2 m l  veal 
I 
i n fus ion  b ro th  contained i n  a s t e r i l e  tube o r  e l u t e d  as i n  1. 
2. Time 
Every o ther  day. 
E. Sics! specimen 
1. Method and procedures 
The specimens sha l l  be homogenized i n  Meln ick 's  M-E medium 
or Hank's Balanced Salt Solution* to make a 10% suspension. 
2. Time 
Three different days. 
Blood F- -
1. Methods and procedures 
10 ml of blood shall be collected. The blood may either be 
heparinized or laked by freezing in alcohol and dry ice. If heparinized 
blood is used, erythrocytes, leucocytes, and plasna shall be tested. 
2. Time 
Three different days. 
If possible, immunological studies shall be performed to determine 
imnuno-globul in patterns and anti body titers (CF) . 
G. Urine 
1. Methods and procedures 
Mid-stream samples (10 ml) shall be collected. The urine shall 
be neutralized before testing. 
2. Time 
Three different days. 
H. Reference 
Schmidt, N. J., 1964. Tissue Culture Methods and Procedures for Diagnostic 
Virology in Lennette, E.H. and Schmidt, N.J., eds., Diagnostic Procedures for 
Viral and Rickettsia1 Diseases. American Public Health Association, Inc., p.150. 
~ ~ -~ - - -  -~ - - - -  - - - -  
*Hank's Balanced Salt Solution (Hank's BSS). Melnick's M-E medium consists 
of 0.9L lactalbumin hydrolysate in Earle's salt solution, with 100 units/ 
100 micrograms penicillin/streptomycin per ml. Earle's salt solution 
consists of the salts listed under Eagle's medium in the appendix. 
II. CONCENTRATION OF SAMTLE 
Concentration o f  specimens w i l l  g r e a t l y  enhance s e n s i t i v i t y  o f  
v i r u s  detect ion. The exbrac ts  i n  volumes greater  than 5 m l  sha l l  
be concentrated t o  1 m l  by A1 (OH) concent r a t  ion, M i  11 ipore adsorption, 3 
u l t r a c e n t r i f u g a t ~ o n  ( ~ e n s i t y  Gradient), Vacuum, o r  Carbowax. Most o f  
these techniques ? r e  descr ibe i  i n  d e t a i l  i n  the appendix. 
S i m i l a r l y .  afcet concentrat ion, the a l i q u o t s  o f  the concentrate 
( ~ i l l i p o r e  adsorp4 iorl) s h a l l  be examined by e lec t ron  microscopy. 
Ill. ANIMAL SYSTEMS 
A. Preference L i s t  
Animals s h a l l  be b led  p r i o r  t o  inoculat ion.  Large animals 
s h a l l  be b led  from the femoral vein, (swine, calves, dogs, 
j u v e n i l e  monkeys), smal ler animals from the heart  (adu l t  hamsters, 
a d u l t  mice, guinea p igs,  ra ts ,  rabb i ts ,  cats, f e r re ts ) .  Newborn 
animals s h a l l  not  be bled. Size o f  basel ine samples which sha l l  
be obtained are  given i n  the  tab le  i n  sec t ion  5. It i s  pre- 
fe rab le  t o  separate blood i n t o  serum and erhtyrocytes and s to re  both. 
The same number o f  uninoculated animals as inoculated s h a l l  be 
I 
. kept as contro ls .  
A l l  animals s h a l l  be pathc,aen-free. I n  add i t ion ,  germ-free animals 
s h a l l  be used which have no radiat ion- induced leukemia. 
1. Mouse (newborn & adu l t )  7. Rat 
2. Monkey (newborn & juven i le )  8. Rabbit 
3. Hamsters (newborn & adu l t )  9. Cal f  
4 Guinea p i g  10. Cat 
5. Fer re t  11. Swine 
6. Log 
i ; c e  alone would be c u f f i c i e n t  i f  specimens d i d  no t  conta in  cer- 
t a i n  v i ruses t h a t  i n f e c t  monkeys and not  mice, ( i  .e., mumps and po l  i o -  
v i rus )  o r  i n f e c t  hamsters and not  mice (i .e., adenovirus). 
8. Routes o f  i n j e c t i o n  
1. Mice 
The routes o f  i nocu la t i on  f o r  mice which s h a l l  be used are: 
a. In t racerebra l  , ( i  .c.) 
b. I n t rape r i t onea l  , (i .p . )  
c. Intravenous, ( i .v.)  
d. In t ranasa l ,  ( i  .n.) 
.e. l n t  racutaneous 
f. Subcutaneous, (s .c.) 
g. Oral 
h. In t ramuscular ly  ( i  .m.) 
2. Other animals 
I f  animals o ther  than mice are used, the routes o f  i nocu la t i on  
i n  order o f  decreasing importance f o r  each are: 
a. Hamsters - i n t rape r i t onea l  and/or intravenous 
b. Monkeys - intravenous 
c. Guinea p i g  - in t rape r i t onea l  
d. Rabbit - intracutaneous 
e. Ferrets - in t ranasa l  
C. Size o f  inoculum 
Thesizes o f  inocula which s h a l l  be used are: 
An ima 1 
House 
Base 1 i ne Size o f  Inocu lum~~ (ml) 
Blood Sample 
(ml) I .C .  I.P. I.M. I .V.  1-CUT I.N. 
S-CUT 
0.1 
Newborn 0.02 0.05 0.05 0.05 0.05 Wash 
Adu 1 t 0.03 0.1 0.1 0.5-1.0 0.1 Wash 
Hamsters 
Newborn 0.03 0.05 0.05 
Adu 1 t 
Guinea P ig  
Rat 0 5 0.05 1-2 0.2 
Rabbi t 5.0 0.1 3-5 1-2 
Ca l f  20.0 1-2 20-40 2-10 
Cat 5.0 0.5 1-5 1-3 
Fer re t  
Monkeys 
Newborn 0.5 2-5 1-3 
Juveni l e  0 5 1.0 3-10 1-5 
Swine 20.0 1.0 5-15 2-10 
* Var iat ions i n  volumes o f  inoculum are based on s i z e  o f  animal. 
D. Observation 
1. Macroscopi c 
Animals s h a l l  be observed f requent ly  f o r  symptoms o f  
i l lness.  
2. Microscopic 
I n i t i a l  t i ssue  specimens from s i c k  animals used f o r  b l i n d  
passage s h a l l  be examined f o r  v i r u s  p a r t i c l e s  under the e lec t ron  
microscope. Special  e lec t ron  microscopy techniques ( g r i d  pre- 
parat ion,  s ta in ing ,  etc.)  are g iven i n  the appendix. 
E. B l i nd  Passage 
B l i n d  passage o f  animal mater ia ls  s h a l l  be made a t  leas t  3 times. 
The bra in ,  l i v e r ,  lungs, kidneys, spleen, and samples o f  muscle t i ssue  
s h a l l  be homogenized ( i n d i v i d u a l  l y )  and inoculated i n t o  the same animal 
species using the same routes (and volumes o f  inocc lum) as i n i t i a l l y .  
These may a l so  be combined using 10% suspension o f  b r a i n  ma te r i a l  
from i n t r a c e r e b r a l l y  i n jec ted  animals and 10% suspension o f  v i t a l  
organs from I .V .  o r  I.P. i n j ec ted  animals. 
F. Bound Virus 
Tests f o r  bound v i r u s  s h a l l  a l so  be run on a l l  body excret ions 
and ava i l ab le  f l u i d s .  These procedures are l i s t e d  i n  the appendix. 
I V .  TISSUE CULTURE 
A. Ce l l  Lines 
The t i ssue  cu l tu res  are l i s t e d  i n  order  o f  preference. A l l  
cu l tu res  are necessary. 
It i s  suggested tha t  t i ssue c u l t u r e  c e l l s  be tes tzd  f o r  the presence 
o f  mycoplasma which may a l t e r  the r e s u l t s  o f  i s o l a t i o n  attempts. 
A l l  o f  the de ta i l s  o f  t i s . 2 ~  cu l tu re  technique, including pre- 
parat ion o f  media, use o f  r o l l e r  drums, t ransfer  o f  mater is ls,  
ternadsorption techniques, and a l i s t  o f  where necessary supplies 
can be obtained are provided in:  
Schmidt, N.J. 1964. Tissue Culture Methods and Procedures f o r  Diag- 
nost ic  Virology i n  E.H. Lennette and N. J. Schmidt, eds.: Diagnostic 
Procedures f o r  V i r a l  and Ricket ts ia1 Diseases. American Public 
Health Association, Inc., pp. 78-176. Some o f  these methods are 
a lso given i n  de ta i l  i n  the appendix. 
1. Afr ican Green Monkey Kidney 
2. Rhesus Monkey Kidney 
3. Human embryonic f ib rob lasts ,  WI-38 
4. Human amnion 
5. Human embryonic kidney 
6. Human Cancer cul tures:  HeLa, KB, Hep-2 
7. Hamster Kidney 
8. Rabbit Kidney 
9. Bovine Kidney 
10. Bovine Spleen 
11. Canine Kidney 
12. Fel ine Kidney 
13 Guinea Pig Kidney 
14. Chick embryo f ib rob lasts  
IS.  Mouse embryo f ib rob las ts  
16. Ra i nbow T rout gonad 
CDC suggest 1-7 and 14. They feel that  chick embryo f ib rob las ts  
7 . 7 ~  be super io r  f o r  i s o l a t i o n  o f  arboviruses. 
B. S ize o f  lnoculum 
A 0.4 m l  specimen o r  suspension s h a l l  be used as an inoculum. 
C. Temperatures o f  Incubat ion 
Tissue cu l tu res  s h a l l  be incubated a t  b°C, 2 2 O C ,  3 S ° C  and 4 0 ' ~ .  
C.D.C. suggests on ly  using 3 3 O C  and 3 7 O C .  
D. Method o f  lncubat ion 
These t i ssue  c u l t u r e  l i n e s  s h a l l  be grown in -  r o l l e r  drums. 
E. Media 
-
Media convent ional ly  used f o r  c e r t a i n  pr imary c e l l  and s tab le  c e l l  
l i n e s  s h a l l  be used f o r  maintenance o f  c e l l  l i nes .  Thus, Me ln ick 's  
M-E medium, Eagle's medium,or Mix ture  199 can be used w i t h  serum 
(pre ferab ly  bovine f e t a l )  f o r  most a1 1 o f  the c e l l  1 ines used i n  
t h i s  study. See the v i ro logy  appendix f o r  the l i s t  o f  media and 
formulas. 
No unusual procedures are necessary. The b i o l o g i c a l  requirements 
o f  c e l l  l i n e s  are  we l l  known and the d i f f e r e n t  media f o r  the d i f f e r e n t  
c e l l  1 ines are r e a d i l y  ava i lab le .  
F. Helper Viruses 
Several t i ssue  cu l tu res  o f  each set  s h a l l  be co- in fec ted  w i t h  I 
these known p o t e n t i a l  helper  v i ruses.  
1. Adenoviruses 
2. Lymphocytic chor io-meningi t is  v i r u s  
3. Hog cholera v i rus 
G. Enhancement Methods 
1. Addi t ives 
Addi t ional  t i ssue  c u l t u r e  c e l l s  should be t rea ted  w i t h  c e r t a i n  
add i t i ves  tha t   re known t o  enhance the growth and plaque formation 
of  earth-bound v i ruses.  
a. 25 mM MgC12 
b. 1 mM cyste ine 
c. 1:50 - 1:150 pancreat in  
d. 400 mg/ml protamine s u l f a t e  
2. Nucle ic  ac id  i n h i b i t o r s  
Nucle ic  ac id  i n h i b i t o r s  s h a l l  be added t o  b lock normal 
nuc le i c  acids and a l l ow  the v i r a l  nuc le ic  acids t o  take over. 
a. 200 p M  - 2  - (alpha - hydroxy-benzyl) -benzimidazole 
b. 60pg/ml - guanidine 
c. 100 pg/ml - 5-iodo-2' desoxyuridine?: 
3. Reagents which enhance i n f e c t i v i t y  
S im i l a r l y ,  specimens s h a l l  be t rea ted  p r i o r  t o  i nocu la t i on  
w i t h  c e r t a i n  reagents known t o  enhance i n f e c t i v i t y  o f  c e r t a i n  
conventional v i ruses.  
b. 1% s o l u t i o n  o f  p r o t e o l y t i c  enzymes ( t r yps in ,  pancreat in,  etc . )  
a t  3 7 ' ~  f o r  1 hour. 
H. Ca r r i e r  Cultures 
Prolonged incubat ion and s e r i a l  passase o f  t i ssue  c u l t u r e  c e l l s  
* CDC f ee l s  t ha t  t h i s  i s  not  a  good choice as i t  i n h i b i t s  v i r a l  nuc le i c  a c i d  as we l l .  
s h a l l  be maintained as c a r r i e r  cu l tu res .  F lu ids  from prolonged 
inc bat ions s h a l l  be examined f o r  v i ruses by e lec t ron  microscopy 
and tes ted  f o r  in te r fe rence against known viruses. 
Echovirus type I I ,  p o l i o v i r u s  type 1,and Newcastle Disease Vi rus 
s h a l l  be used. Vesicular  s t o m a t i t i s  i s  more usefu l  f o r  I n t e r f e r -  
ence studies bu t  may not  be r e a d i l y  ava i lab le .  These v i ruses are 
ava i l ab le  from the American Type Cul ture Co l lec t ion ,  Washington 
D.C, o r  Department o f  Vi ro logy,  Baylor Un ive rs i t y  College o f  Medi- 
c i  ne . 
A f t e r  treatment o f  c e r t a i n  cu l tu res  w i t h  var ious specimens, the 
cu l tu res  are i n fec ted  w i t h  known v i ruses (as above) t o  determine i f  
they p r o l i f e r a t e  as pro fuse ly  i n  specimen-treated cu l tu res  as they do 
i n  untreated, con t ro l  cu l tu res .  
I . Observat ions 
1. Microscopic 
a. Each c t l l t u re  s h a l l  be observed d a i l y  mic roscop ica l l y  f o r  
cytopath ic  e f f e c t  w i t h  subpassage as needed. 
b. Each c u l t u r e  s h a l l  a l so  be examined by e lec t ron  microscopy. 
2.  Hemadsorpt~on tes ts  
These s h a l l  be performed a t  var ious t ime i n t e r v a l s  dur ing 
the incubat ion per iod using the fo l low ing erythrocytes:' 
a .  Guinea p i g  
b .  Human 0 
c .  Sheep 
d . Fowl 
e. Monkey 
* CDC suggests on ly  the use o f  guinea p i g  erythrocytes.  
No specia l  equipment i s  necessary f o r  hemadsorption tes ts .  
Procedures f o r  hemadsorption are  f u l l y  described i n  cur ren t  
1 i t e r a t u r e  and are simple and accepted rout ines i n  v i r u s  labora- 
t o r i e s .  These methods are g iven i n  the V i ro logy  Appendix. 
J. Sub-passage 
Sub-passages s h a l l  be performed i f  cy topath ic  e f f e c t s  are 
noted. B l i n d  passage X 3  o r  more s h a l l  be performed i f  1 & 2 are 
negat ive f o r  a t o t a l  o f  no t  less than 30 days. The procedures 
a i e  the same as those under the v i r u s  sub-passage sect ion. 
K. Source 
Tissue cu l tu res  may be obta ined from several commercial sources: 
1. Hyland Laborator ies, Los Angeles, C a l i f o r n i a  
2. M ic rob io log ica l  Associates, Bethesda, Maryland 
3. Flow Laborator ies, Bzthesda, Maryland 
4. D i f co  Laborator ies, D e t r o i t ,  Michigan 
V. EMBRYONATED HEN'S EGGS 
Body excret ions and ava i l ab le  f l u i d s  s h a l l  be inoculated i n t o  
embryonated hen's eggs. Germ-free eggs s h a l l  be used. R ig id  t e s t i n g  
i s  necessary f o r  mycoplasma. Eggs s h a l l  be obtained on the day they 
are l a i d  (day 0) and then placed i n  a humid i f ied  egg incubator a t  
38°C f o r  the days required. Eggs are then candled t o  determine v i a b i l i t y  
and then are inoculated. 
A. Inocu la t ion  
1. Size o f  Inocu la t ion  
0.1 rnl/egg s h a l l  be used f o r  any o f  the routes. 
2. Routes o f  inocu la t ion  and incubation (minimum o f  6 experimental 
cgps and 6 cont ro ls  f o r  each va r iab le  s h a l l  be used) . 
Route 
-
Amniotic sac 
Embryo Age 
10 - 11 days 
Incubation 
48 - 72 hrs  
A l l an to i c  cav i t y  10 - 11 days 24 72 h rs  
Chorioal l a n t o i c  10 - 12 days 
membrane 
48 - 72 hrs  
Yolk sac 5 - 7 days 48 - 72 hrs*  
Eggs s h a l l  be incubated s ta t ionary  a t  b°C, 2S°C, and 35°C. CDC sug- 
gests 33°C and 37'C only and c m e n t s  t h a t  33" alone might su f f i ce .  
B. Observation 
1 Oeath 
Oeath of eggs can be detected v i s u a l l y  by candl ing embryonated 
eggs during the course o f  incubation. The blood vessels r e t r a c t  
and congeal and the embryo does not move every 10-15 seconds as do 
-hea l thy  embryos. 
2. Pocks 
Pocks can be observed macroscop i ca 1 1 y . 
C. Harvesting 
Eggs s h a l l  be harvested by ch i  11 ing a t  4°C f o r  a t  leas t  4 hours. 
The s h e l l  s h a l l  then be opened and samples o f  a l l a n t o i c  f l u i d s ,  
amniot ic f l u i d s ,  yo l k  sac, cho r ioa l l an to i c  membrane and embryo 
s h a l l  be taken f o r  add i t iona l  b l i n d  passage o r  hemagglutination tests.  
* Longer incubat ion may be necessary f o r  sane viruses. 
1. A l l a n t o i c  f l u i d  
This s h a l l  be aspi rated from the a l l a n t o i c  c a v i t y  through a 
trephined sect ion w i t h  a p ipe t te .  
2. Amniotic f l u i d  
The f l u i d  s h a l l  be aspi rated from the amniot ic sac w i t h  a 
p ipe t te .  
3. Yolk sac 
The y o l k  sac s h a l l  be co l l ec ted  by suct ion w i t h  a p ipe t te .  
4. Chorioal l a n t o i c  membrane 
The membrane i s  removed s u r g i c a l l y  and then placed i n  a 
mortar and ground w i t h  alundum o r  placed i n  a Waring Blendor. 
The homogenized membrane i s taken up i n a d i 1 uen t (vea 1 - i n f  us ion 
5roth) f o r  use i n  fu r the r  passage ( b l  ind) o r  f o r  hemagglut i na t  ion 
t e s t s  . 
0. B l i n d  Passage 
The various f l u i d s  w i l l  be used f o r  b l i n d  passage i n  animals 
and eggs. 
E. I d e n t i f i c a t i o n  
1. Hemagglutination 
Viruses can be i d e n t i f i e d  by hemagglutination tes ts  using 
the fo l lowing:  * 
a. Human 0 c e l l s  
b. Rhesus MK c e l l s  
c. Sheep c e l l s  
* CDC suggests on ly  the use o f  guinea p i g  c e l l s .  
d. Guinea pig cells 
e. Fowl cells 
f .  Rat cells 
Hemagglutination, not hemadsorption tests are performed. These 
are standard, simple procedures carried out routinely by all virus 
and diagnostic laboratories. See Virology Appendix for methods. 
2. Microscopy 
a. Light microscopy 
The yolk sac shall be examined by light microscopy for 
Chlamydraceae (~edsonia) .
b.  Electron microscopy 
Electron microscopy techniques shall be used to observe and 
identify viruses. See the appendix for procedures. In general, 
however, visualization of virus particles by electron microscopy 
would not seem to be a significant approach t~ the problem,as 
viruses can be detected and identified by other more economical 
tests included in the protocol. 
F. Source 
Eggs can be obtained from Texas A&M, College Staticn, Texas. 
References G .  --
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Viral & Rickettsial Infections in E.H. Lennette & N.J. Schmidt. 
Diagnostic Procedures for Viral & Rickettsial Diseases. American 
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PROTOCOLS FOR THE RECOVERY 
OF MICROORGANISMS FROM THE CREW 
POST-FLIGHT TESTING PROCEDURES 
The astronauts should be tested immediately a f t e r  r e t u r n  and a t  l eas t  
twice more dur ing  the f i r s t  week a f t e r  r e t u r n  by the same procedures given 
f o r  p r e - f l i g h t  test ing.*  Media f o r  c u l t u r i n g  poss ib le  lunar  autotrophs 
s h a l l  a lso  be used. A l l  samples s h a l l  be cu l tu red  imnediately ( w i t h i n  15 
minutes). Special care should be taken tha t  no one who i s  not  surg ica l  l y  
gowned s h a l l  come i n  contact w i t h  the returned astronauts u n t i l  i t  i s  
c e r t a i n  t h a t  these men are harboring no new microorganisms o r  pathogens. 
U n t i l  t h i s  i s  determined, the mic rob ia l  p r o f i l e  o f  attendants s h a l l  be 
observed f o r  poss ib le  pathogens o r  unknown microorganisms before release. 
Ur ine and feces no t  needed f o r  analyses sha l l  be destroyed. Any doubt fu l ,  
poss ib ly  new microorganisms s h a l l  be character ized and must be proven non- 
pathogenic f o r  the pro toco l  t e s t  org=nisms (animals, p lan ts ,  etc.)  us ing 
standard procedures f o r  de tec t ing  pafhogenic i ty .  P a r t i c u l a r  a t t e n t i o n  
should be ,.aid t o  microorganisms tha t  have a typ i ca l  co lonies o r  growth 
pat terns.  
MICROBIOLOGY: 
Since there w i l l  be no laboratory f a c i l i t i e s  i n  the quarant ine 
t r a i l e r ,  the i n i t i a l  specimens s h a l l  be taken from astronauts and 
bagged. Samples o f  food, ur ine,  and feces from the command module 
s h a l l  a l so  be obtained. The use o f  a t ranspor t  medium such as t rans-  
p o r t  medium ,'hies o r  Stuarrs t ranspor t  medium i s  suggested. If there 
are no f a c i l i t i e s  aboard the recovery ship, a Trex le r  I s o l e t t e  s h a l l  
be set up t o  act  as a s t e r i l e  room. Previously  prepared p e t r i  p la tes  
* The same procedures are used i n  p o s t - f l i g h t  analyses as o u t l i n e d  i n  the 
P r e - f l i g h t  sect ion. S l i g h t l y  d i f f e r e n t  methods o f  c o l l e c t i o n  and obser- 
va t i on  are given f o r  the P o s t - f l i g h t  Vi ro logy pro toco l .  
and tubes o f  media s h a l l  be inoculated from these specimens according 
t o  the procedures described i n  the sec t ion  on p r e - f l i g h t  t es t i ng .  The 
i n i t i a l  specimens s h a l l  be wrapped carefu l ly ,sealed i n  cans, and r e f r i g -  
erated w i t h  the v i r a l  samples. The p e t r i  p l a t e s  and tubes sha l l  be 
secured against breakage. A l l  specimens and inoculated media s h a l l  be 
f lown back t o  the Lunar Sample Receiving Laboratory f o r  f u r t h e r  incu- 
ba t ion  and examination. 
V IROLOGY: 
A. Primary sample c o l l e c t i n q  
Since no f a c i l i t i e s  w i l l  e x i s t  f o r  inmediate c u l t u r i n g  f o r  
viruses, specimens s h a l l  be co l l ec ted  f rom the areas l i s t e d  i n  
the tab le  below and shipped back t o  the Lunar Receiving Laboratory 
i n  Houston f o r  v i r a l  c u l t u r i n g .  
These samples s h a l l  be preserved i n  route as fo l lows:  
1. L i q u i d  N2 
This i s  r e a d i l y  ava i l ab le  and provides an u l t r a - c o l d  tem- 
perature which i s  op t i ona l  f o r  preservat ion o f  unknown agents. 
However, glass-sealed ampules and a method o f  s lowly 
dropping temperature t o  prevent g lass breakage are  required. 
2. Dry Ice (C02) 
This  i s  a lso  r e a d i l y  ava i l ab le  bu t  a l so  requi res glass- 
sealed ampules t o  prevent C02 leakage i n t o  specimens. 
3. Wet Ice (H20) 
This i s  the l eas t  e f f e c t i v e  preservat ive.  I t  i s  probably 
adequate f o r  most agents f o r  a few hours. This  procedure does 
not  requ i re  glass-sealed ampules. Screw-cap v i a l s  and other  
containers would be s a t i s f a c t o r y .  
NOTE: #3 i s  probably the best compromtse. 
8. Secondary sampl i n q  
Astronauts should be i so la ted  f o r  a minimum o f  30 days and 
observed f o r  any i l l n e s s  which might i nd i ca te  poss ib le  v i r a l  i n fec t i on .  
A f t e r  the astronauts are i n  the Lunar Receiving Laboratory, speci- 
mens s h a l l  be taken as fo l lows:  
Specimen C o l l e c t i o n  Medium Time o f  C o l l e c t i o n  
Conjunct iva l  swab Veal i n fus ion  b ro th  3 d i f f e r e n t  days, f i r s t  
week; repeat, i f  ind icated 
Nasal wash 10 ml veal i n fus ion  d a i l y ,  f i r s t  week, then 
b ro th  every o ther  day 
Throat swab 10 ml veal i n fus ion  d a i l y ,  f i r s t  week, then 
b ro th  every o ther  day 
Anal swab 10 ml veal i n fus ion  d a i l y ,  f i r s t  week, then 
b ro th  every o ther  day 
Stool spec imencc None 
(As pre- f  1 i ght) 
. Blood, 10 ml, None 
laked 
Urine, 100 ml;y None 
a l l  specimens f i r s t  week; 
repeat i f  ind ica ted  
d a i l y  f i r s t  week; repeat 
i f  indicated 
d a i l y  f i r s t  week; repeat 
i f  indicated 
If any i l l n e s s  develops, protocol  w i l l  have t o  be modi f ied accord- 
ing ly .  Each specimen i s  t o  be tested on each experimental system 
prev ious ly  ou t l ined.  
* Concentration o f  these specimens would g r e a t l v  enhance s e n s i t i v i t y  
o f  v i r u s  de tec t ion  system ( u l t r a c e n t r i f u g a t i o n  o r  M i l l i p o r e  f i l t e r  
techn i ques) . 
Collection of specimens should be coordinated with protocol for 
bacteria and mycoplasma. 
Penicill in, streptomycin and nystatin (20 units/ml fcr HeLa cells 
and 200 units/ml for monkey kidney cells) shall be added to collection 
media for viruses after sampling. Note the sensitivity of the material 
for culture of bacteria. 
PROTOCOLS FOR THE RECOVERY OF 
MICROORGANISMS FROM THE ENVIRONMENT 
PRE-FLIGHT TESTING PROCEDURES 
I. AREAS OF COLLECTION 
A. Command Module and LEM 
1. A i r  
2. Communication equipment 
3, Hatch 
4. A1 1 couches 
5. Switches 
6. F loor  under couches 
8. C l o t h i n q  
The s u i t s  and undergarments should be tested a f t e r  thorough 
c leaning f o r  res idua l  organisms. 
1. S u i t  and undergarment 
a. A x i l l a  
b. Crotch 
c. Anus 
d. Under or  near coo l i ng  device 
2. Socks 
3. Boots 
4. Helmet 
5. Outgass ing 
C .  Miscellaneous items 
1. Personal hygiene (tlwipettes,ll too th  brush, etc . )  
2. Sanitary containers 
3. Miscellaneous small equipment ( lunar  sampling too l ,  lunar sample 
conta iner ,  cameras, e tc . )  
4. Personal i tems (mementos, etc . )  
5. F l i g h t  plans, e t c .  
Food D -  -
E. Water 
-
Fue 1 F *  -
II. METHODS OF COLLECTION 
A. Command Mcldule and LEM 
A f t e r  the l a s t  thorouqhcleaning, on l y  those s u r g i c a l l y  gowned and 
booted sha l l  enter  t o  c o l l e c t  samples. 
1. A i r  
a. If the volume o f  a i r  i n  the cabin i s  i n  excess o f  2-300 L, 
the a i r  sha l l  be completely removed 3nd sampled us ing a la rge  
volume a i r  sampler such as an e l e c t r o s t a t i c  p r e c i p i t a t o r .  A 
10-15 tilinute sampl ing per iod  i s  s u f f i c i e n t .  
b. A l t e r n a t i v e l y ,  the cabin a i r  sha l l  be f i l t e r e d  f o r  10-30 minutes 
through (negat ive pressure) an HA (0.45 j.~) M i  1 1  ipore membrane 
(293 mm surface) i n t o  d i s t i l l e d  water. 
c. If t h i s  equipinent i s  not  ava i lab le ,  sedimentation p l a t e s  sha l l  
be used f o r  c o l l e c t i o n  o f  bac te r i a  and v i r a l  c o l l e c t i o n  s h a l l  
be e l iminated.  These p la tes  sha l l  be placed on one o f  the couches 
and under c e r t a i n  equipment t o  be chosen and opened f o r  30 minutes. 
2. S i tes  
a. Using co t ton  swabs, specimens sha l l  be taken from the indicated 
s i t es .  Three samples each sha l l  be taken from the couches and 
the f l o o r  under the couches. 
b. The samples s h a l l  be co l l ec ted  using d ry  co t ton  swabs pressed 
heav i l y  on the t e s t  s i t e s  and r o l l e d  over a 1" x 1/2It area. 
c. Three samples s h a l l  be taken from each couch and the f l o o r  under 
each couch. One sample sha l l  be taken from each o f  the other  
areas l i s t e d  i n  1A. 
B.  Cloth inq 
Just p r i o r  t o  donning the s u i t s  and underwear, the  spec i f ied  areas 
sha l l  be sampled by swabbing. I f  the socks are separate, two swabs sha l l  
be taken, one from the heel,  the other  from the toe area. 
C. Miscellaneous items 
A l l  items s k l l  be sampled by swabbing. 
Food D *  -
Representative pdckets of each type of  food taken on the f l i g h t  sha l l  
be tested. Twenty (20) grams o f  the dehydrated sample s h a l l  be asept ica l  l y  
co l lected.  
Water E *  -
1. A t  l eas t  f i v e  10 m l  samples sha l l  be taken a s e p t i c a l l y  f o r  d i r e c t  
cu l t u r i ng .  
2. Samples sha l l  be taken a s e p t i c a l l y  and concentrated before c u l t u r i n g  
by M i l l i p o r e  f i l t r a t i o n .  
Fue 1 F* 7
1. Samples sha l l  be taken a s e p t i c a l l y  f o r  d i r e c t  c u l t u r i n g .  
2. Samples sha l l  be taken a s e p t i c a l l y  and concentrated by M i l l i p o r e  
f i l t r a t i o n  before c u l t u r i n g .  
II I. PRIMARY CULTURING 
A. Command Module and LEM 
1. A i r  * 
a. Microbic logy (other than v i ruses)  
Two sets o f  sedimentation p la tes  sha l l  be placed on one 
of the couches and under var ious equipment. 
.The samples s h a l l  be cu l tu red  on the f o l l o w i n g  media: 
(1) Blood agar (2-one incubated ae rob i ca l l y ;  one anaerobical ly)  
(2) Mac Conkey's agar 
(3) Phytone yeast, mycobiot i c  agar, o r  mod i f  ied Sabouraud's 
med i urn. 
b. Vi ro logy 
(1) Samples obtained from the large volume a i r  sampler s h a l l  
be cu l tu red  f o r  v i r u s  as prev ious ly  described i n  the Pre- 
f l i g h t  V i rus  Protocol .  
(2) Al te rna t i ve l y ,  the membrane ~ b t a i n e d  from the M i l l i p o r e  
a i r  f i l t r a t i o n  procedure sha l l  be assayed f o r  v i ruses  by 
i nocu la t i on  i n t o  a v a r i e t y  o f  t i ssue  c u l t u r e  systems as 
described i n  the P r s - f l i g h t  Test ing Protocol .  
2. Other s i t e s  
a. Microbio logy (other  than v i ruses)  
The swabs s h a l l  be cu l tu red  i n  the f o l l o w i n g  media: 
* A i r  samples s h a l l  a l so  be cu l tu red  f o r  microorganisms on the same media 
l i s t e d  above fo r  sedimentation p la tes .  
(1) Veal infusion broth 
(2) Trypticase-soy broth 
(3) Fluid thioglycol late 
One tube shall be incubated aerobically and the other 
anaerobically. Fluid thicglycollate shall be incubated . 
aerobically only. 
b. Virology 
Specimens (swabs) shall be taken from random sites in the 
Command Module and LEM. These swabs shall be placed in veal 
infusion broth. Aliquots shall be inoculated icto various 
animals end tissue culture systems as outlined in the Pre- 
flight section on Virology. 
B .  Clothing 
1. Microbiology (other than vi ruses) 
Just prior to donning, all clothing shall be tested micro- 
biologically as follows: 
Med i a 
-
a. Swabs shall be placed ip trypticase-soy or heart infusion 
broth and incubated aerobically and anaerobically. 
b. Duplicate swabs shall be p13ced in fluid thioglycollate and 
shall be incubated aerobically. 
2. Virology 
When sampling clotthing, the procedures given under Primary 
Culturing 20 shall be followed. 
C. Miscellaneous items 
1. Microbiology (other than viruses) 
Specimens sha l l  be cu l tu red  as described i n  the Primary 
Cu l tu r ing  sections 1 and 2. 
2. V i ro logy 
Sp2cimens (swabs) s h a l l  be taken o f  miscel laneous i tems and 
placed i n  veal i n fus ion  broth, etc., as i n  Primary Cu l tu r ing  
sect ions 1 and 2. 
D. 
1. Hicrobio logy (other than v i ruses)  
a. The food samples sha l l  be prepared f o r  t e s t i n g  as fo l lows:  
Twenty (20) grarns o f  the dehydrated sample i s  asep- 
t i c a l  ly trans fer red  t o  a s t e r i l e  blendor cup. Add 80 m l  o f  
c h i l l e d  s t e r i l e  d i s t i l l e d  water and blend f o r  three (3) 
minutes. This  s l u r r y  cons t i t u tes  a 1:s d i l u t i o n  and contains 
the equivalent o f  0.2 gm food sample pzr  ml. Hereafter,  t h i s  
sha l l  be termed Ex t rac t  A. A f i f t y  (50) m l  a1 iquot  o f  Ex t rac t  
A i s  t rans fer red  t o  a 50 ml c h i l l e d  S t e r i l e  Buffered Water 
Blank (SBW: PO4 M/5, pH 7.0) and thorouc&ly mixed. Th is  mixture 
cons t i t u tes  a f i n a l  d i l u t i o n  o f  1:10 and contains the equiva- 
l e n t  o f  0.1 gm food sample per m l ;  the 1:10 d i l u t i o n  sha l l  
be termed Ex t rac t  B. Both ex t rac ts  s h a l l  be maintained a t  
not greater  than 40°F u n t i l  used as prescr ibed i n  the fo l l ow-  
ing tests.  
b. The media t o  be used are designated i n  Table 1 i n  the Pre- 
f l i g h t  Crew Microbiology sect ion, and w i l l  be inoculated w i t h  
0.1 m l  o f  the s lu r r y ,  su i t ab l y  d i l u t e d  f o r  the t o t a l  count. 
c. An a l t e r n a t e  procedure f o r  c u l t u r i n g  food samples i s  found 
i n  the Space Food Prototype Product ion Guide Addendum, No. 
IA, U.S. Army Nat ick  Laborator ies, Nat ick, Massachusetts, 
May I ,  1965. This  procedure i s  g iven i n  the appendix.* 
E. Water 
1. Microbio logy (other than v i ruses)  
a. Fuel c e l l  and d r i n k i n g  water w i l l  be tested by i nocu la t i ng  
the media designated i n  Table 1 (Pre-f 1 i g h t  Tes t ing  procedures) 
w i t h  0.1 ml o f  the water, s u i t a b l y  d: lu ted 1:10 f o r  the t o t a l  
count . 
b. An a l t e rna te  procedure w i l l  be found i n  Standard Methods f o r  
the Examination o f  Water and Waste 'k'ater prepared by the 
American Pub1 i c  Heal th Associat ion, Inc. (12th Ed i t i on ,  1965). 
Th is  i s  given i n  d e t a i l  i n  the appendix. 
2. V i ro logy  
Water samples s h a l l  be concentrated and cu l tu red  by the 
techniques prev ious ly  described i n  the P r e - f l i g h t  Test ing Crew 
Microbio logy procedures. 
F. Fuel 
The f u e l  used i n  the LEM i s  unsymmetrical dimethyl hydrazine. I 
1. Microbio logy (other  than v i ruses)  
Samples s h a l l  be f i r s t  f i 1 tered through a M i l  l i pore  f i 1 t e r ,  
washed,and the f i l t e r  t rans fer red  t o  the designated media. Samples 
s h a l l  be cu l tu red  us ing the procedures given i n  the sect ion on 
P r e - f l i g h t  Crew Microbiology. 
*Another a l t e rna te  procedure i s  found i n  Report o f  The Advisory Committee on 
on the Microbio loqy o f  Frozen Foods, Associat ion o f  Food & Drug O f f i c i a l s  o f  
the United States, Quar te r ly  Bul l e t  in ,  Supplemental l ssue 1966, ed i ted  and 
publ ished by The E d i t o r i a l  Committee, P.O. Box 1494, Topeka, Kansas 66603. 
:V. SECONDARY CULTURING 
A. Command Module and LEM 
1. A i r  
a. Microbiology (other than v i ruses)  
Colonies picked from a l l  of the agar p la tes  s h a l l  be 
processed as o u t l i n e d  i n  the P r e - f l i g h t  Microbio logy sect ion. 
b. Virology 
the procedures f o r  process i ng samples 1 i s  ted under 
the P r e - f l i g h t  Microbiology sec t ion  s h a l l  be fol lowed. 
2. Other s i t e s  
a. Microbiology (other than v i ruses)  
Secondary cu l tu res  from broths s h a l l  be made on the 
fo l l ow ing  media: 
(1) Aerobic 
(a) Blood agar 
(b) Mac Conkey1s agar 
(c) Phytone yeast agar, mycobiot ic  agar, or  modi f ied 
Sabouraudls medium. 
(2) Anaerob i c  
The anaerobic b r o t h  cu l tu res  s h a l l  be t rans fer red  
t o  blood agar p la tes  on ly .  
Colonies p icked from these p la tes  w i l l  be processed 
as ou t l i ned  f o r  Crew Microbiology. 
b. Virology 
The procedures f o r  processing samples l i s t e d  under 
the P r e - f l i g h t  Microbiglogy sec t ion  s h a l l  be fol lowed. 
8. C l o t h i n g  
1. Hicrobio logy (other  than v i ruses)  
a. The aerobic b ro th  s h a l l  be subcultured on blood agar, 
actinomyces media, Mac Conkey's agaq and phytone yeast 
(mycobiotic agar o r  modi f ied Sabouraud's medium may be 
subst i tuted) . 
b. The .  aerobic b r o t h  s h a l l  be subcultured on blood agar 
incubated anaerobical l  y. 
c. Cul tures s h a l l  be processed as o u t l i n e d  i n  t h e  Crew Micro- 
b io logy  P r e - f l i g h t  sect ion. 
2. V i ro logy  
The procedures f o r  processing samples l i s t e d  under the Pre- 
f l i g h t  Microbiology sec t ion  s h a l l  be fol lowed. 
C Miscellaneous items 
1. Microbiology (other  than v i ruses)  
Secondary cu l tu res  from broths sha l l  be made on the media 
i i s t e d  i n  the sec t ion  on Secondary Cul tures A2. 
. 2. V i ro logy  
The procedures f o r  processing sampies l i s t e d  under the Pre- 
f l i g h t  Microbiology sec t ion  sha l l  be fol lowed. 
0. Food, Water, and Fuel 
The procedures f o r  secondary c u l t u r i n g  a re  found i n  the standard 
a n a l y t i c a l  methods described e a r l i e r  i n  t h i s  sec t ion  under Primary 
Cu l tu r ing .  Viruses s h a l l  be s i m i l a r l y  handled. 
PROTOCOLS FOR THE RECOVERY OF 
MICROORGANISMS FROM THE ENVIRONMENT 
POST-FLIGHT TEST l NG PROCEDURES 
The exterior of the returned Command Module spacecraft shall be considered 
clean becauee of the high surface temperatures during reentry and because it was 
never in contact with the lunar surface. Since the interior of the Command 
Module will be potentially contaminated, the escape of "blow-off" atmosphere 
shall be prevented unless filtered. After exit of the astronauts and the two 
sealed sample boxes, the spacecraft shall be sealed and transported to the LRL 
for holding during the quarantine period. In the LRL the craft will be avail- 
able for any essential post-flight examination. Command Module clothing, etc., 
shall be sterilized before release prior to handling. Waste food and water 
not needed for analyses should be destroyed. No viral analyses of food or 
fuel are necessary unless astronauts became i l l .  Food analyses shall be con- 
sidered in this event. 
I . AREAS AND METHODS OF COLLECT I ON 
A. lrmediately post-flight and before removal of astronauts, the air of 
. the Command Module shall be sampled. 
B. Post-flight sampling shall be conducted immediately before "contamina- 
tion" can occur on various sites in the Command Module, the Command 
Module suits and underwear, and miscellaneous items, as outlined for 
pre-flight testing. 
C. Food and water discards and fuel samples shall be collected. The 
procedures given for pre-flight testing of environment shall be 
followed for sample collection. 
' LUNAR SAMPLE TEST l NG 
GENERAL RtCOMMENDATIONS 
1. To t e s t  the t o x i c i t y  o f  the lunar mater ia l ,  both s t e r i l i z e d  samples 
and unal tered mater ia l  s h a l l  be compared. S t e r i  1 i z a t i o n  pressure should 
be ra ised t o  35 P S I  t o  k i  11  a1 1 spores. For example, i n  secondary cu l -  
t u r i n g  procedures using s e l e c t i v e  media, uninoculated media w i t h  and 
w i thout  the s t e r i l e  lunar  sample s h a l l  be used as cont ro ls .  These s h a l l  
d i s t i n g u i s h  pure ly  chemical changes i n  the se lec t i ve  media which o ther -  
e 
wise may be i n te rp re ted  as r e s u l t i n g   fro^ growth. 
2. The type o f  blood i n  blood agar i s  i m p ~ r t a n t .  Rabbit o r  horse blood 
ra the r  than shee? blood a l l ow  b e t t e r  growth o f  maRy genera and a wider 
spectrum o f  bac te r i a  producing B-hemolys i s .  (Diagnost i c  Prccedures 
and Reagents. Ha r r i s  and Coleman. American Pub l ic  Health Associat ion, 
Inc., 1963. Page 133). 
Sheep blood tends t o  i n h i b i t  the development o f  o ther  organisms 
such as Haemophilus. I n  l i g h t  o f  t h i s ,  one must be aware of the 
l i m i t a t i o n s  o f  t h i s  type o f  blood f o r  general i s o l a t i o n  procedures. 
However, on secondary c u l t u r e  and espec ia l l y  de tec t ion  o f  var ious 
types o f  hemolysis, sheep blood i n  sugar-free t rypt icase-soy i s  recom- 
mended. (Diagnost ic microbiology, Ba i ley  6 Scot t ,  1966). 
3. 5 - 10% C02 s h a l l  be manditory f o r  anaerobic c u l t u r i n g  procedures. 
4. Blood agar base which s h a l l  be used f o r  these procedures: 
a. Casman b ro th  base 
b. Brain-heart  in fus ion  b ro th  
c. Trypt  icase-soy , Tryptose blood agar base, o r  Trypt  i c  soy 
5. Standard media must always be used i n  p a r a l l e l  w i t h  i n h i b i t o r y  media. 
( ~ i  agnos t i c Procedures and Reagents. Ha r r i s  and Coleman. American 
Pub l ic  Heal th Associat ion, Inc., 1963, page 666). 
6. Plates should be d r i e d  before s t reak ing  and tes ted  f o r  s t e r i l  i t y .  
7. Recommended standard incubator temperature f o r  pathogenic micro- 
organisms s h a l l  be 35OC. A major reason f o r  no t  recommending 3 P o r  
37.S°C i s  the safety factor,  as a v a r i i t i o n  o f  2°C would r e s u l t  i n  a 
dangerously h igh  temperature, and pathogens grow as we1 1 a t  35OC as a t  
37.s0c. 
8. Heat shocking a t  75OC f o r  15 minutes + 100°C f o r  5 minutes s h a l l  be used 
t o  a c t i v a t e  dormant b a c t e r i a l  spores. 
9 .  Color photography s h a l l  be used t o  record permanently rou t l ne  work 
( ie .  co lo r  changes i n  d i f f e r e n t i a l  media). I t  i s  espec ia l l y  usefu l  i n  
no t ing  the appearance of  unusual colonies. Microscopic as w e l l  as the 
macroscopic records s h a l l  be taken. Stereophotography s h a l l  a l s o  be 
considered. 
10. The usual commercial N2 gas has 0.1 o f  1% 02. This i s  enough O2 so tha t  
anaerobes w i l l  not  grow. One must e i t h e r  use a 10% NaOH-pyrogallic ac id  
1 
combination ( c a r r i e d  by c is her) o r  buy s p e c i a l l y  prepared N2 gas which i s  
scrubbed o f  the  02. A l ka l i ne  Methylene-Blue i nd i ca to rs  should be i n  
each incubator.  
CONTROL TEST l NG 
It i s  advisable t h a t  a l l  aspects o f  the  pro toco l  be tested long 
before the lunar  samples are  ava i lab le .  Optimal ly,  experiments on simu- 
l a t e d  lunar mater ia ls  s h a l l  be performed i n  the Lunar ~ e c e i v ' i n ~  Laboratory. 
In t h i s  manner, the iabora tory  personnel s h a l l  become f a m i l i a r  w i t h  the 
operat ional  procedures and spec ia l i zed  equipment so t h a t  the laboratory 
w i l l  run smoothly and e f f i c i e n t l y .  t 
I n  any event, i t  i s  mandatory tha t  the personnel become thoroughly 
acquainted w i t h  the procedures which w i l l  be used t o  determine the pre- 
sence o f  b i o l o g i c a l  hazard(s) i n  the  lunar  samples. 
1. S o i l  types 
Special  considerat ion s h a l l  be g iven t o  asept ic  techniques 
and c o l l e c t i o n  o f  s o i l  types most l i k e l y  t o  y i e l d  the greates t  
number o f  microorganisms. 
Sand o r  f i n e  p a r t i c l e s  are  the  eas ies t  t o  handle. 4-6 mm 
p a r t i c l e s  are the upper 1 i m i t s  f o r  d i r e c t  p l a t i n g  on media. Larger 
rocks requ i re  pre l im inary  treatment; ie., crushing. Rocks which 
are  very f r i a b l e ,  porous, o r  easi l y  crushed are  acceptable. Hard 
obs id ian - l i ke  rocks are  poor samples both from the viewpoint o f  
processing and the l i k e l i h o o d  o f  conta in ing microorganisms. Large 
rock samples i n  general a re  d i f f i c u l t  t o  process and t h e i r  c o l l e c -  
t i o n  s h a l l  be discouraged. The sampling device s h a l l  have an o r i -  
f i c e  tha t  w i l l  accept only  p a r t i c l e s  i n  o r  near the opt imal s i z e  
range. Subsurface samples o r  samples o f  the ground under la rge  
rocks are  more l i k e l y  t o  y i e l d  organisms than unprotected surface 
samp 1 es . 
2. Grinding 
The su rv i va l  o f  organisms exposed t o  various methods o f  g r i nd ing  
s h a l l  be invest igated.  
a. Hand g r i nd ing  vs mechanical devices 
b. Wet g r i nd ing  vs dry  g r i nd ing  
c. Sieving through f i n e  s ta in less  s t e e l  mesh screens 
3. Suspension and a g i t a t i o n  
The fo l l ow ing  parameters s h a l l  be s tudied:  
a. Washing before g r i nd ing  
b. E f f e c t  o f  f i n a l  s i ze  o f  p a r t i c l e s  (eg: 2-6 rnm vs f i n e  s i l t )  
on opt  irnal recovery o f  microorganisms 
c. Vortex a g i t a t i o n  vs shaking o f  suspensions 
d. Speed o f  c e n t r i f u g a t i o n  
e. S o i l / d i l u e n t  r a t i o s  
f. Small i nd i v idua l  samples vs la rge  pooled and concentrated 
samples 
4. Media concentrat ion 
Fu l l - s t reng th  media s h a l l  be compared w i t h  various d i l u t i o n s  o f  
the same media. 
5. P l a t i n g  methods 
a. D i rec t  p l a t i n g  o f  s o i l  sha!l be compared w i t h  samples from 
proposed c e n t r i f u g a t i o n  and e x t r a c t i o n  procedures. 
b. Pour p la tes  s h a l l  be compared w i t h  s t reak  p la tes .  
c. Growth i n  l i q u i d  and s o l i d  media o f  the same composit ion s h a l l  
be compared. 
d. Biphasic cu l tu res  s h a l l  be compared w i t h  l i q u i d  and s o l i d  media. 
6. Concentration o f  organisms 
Concentrations as low as 1-100 organismsJgram o f  s o i l  s h a l l  
a l s o  be tested f o r  degree o f  recovery using the above var iab les  o f  
g r ind ing ,  p l a t i n g ,  e t c .  
a. Concentration by var ious f l o t a t i o n  and 1 i q u i d  p a r t i  t i o n  methods 
s h a l l  be tested, comparing processed and unprocessed s o i l  
samples. The use o f  organisms and spores o f  d i f f e r e n t  sizes 
s h a l l  a l s o  be studied by these methods. 
( 1) Water 
(2) Ludox 
A shaking pre-incubation per iod  o f  about three hours 
has been found t o  enhance the t rans fe r  o f  organisms 
from s o i l  p a r t i c l e s  i n t o  t h i s  surrounding l i q u i d  menstrum. 
(3) Po lyv iny l  a lcohols 
5% Dupont 72-60 po l yv iny l  a lcohol  p lus  In% Pharmacia 
Dextran-250 s h a l l  be used. Certa in mixtures o f  aqueous 
polymers tend t o  separate i n t o  two l i q u i d  phases. Par- 
t i c l e s  i n  the micron range s i z e  (bacter ia ,  v i ruses,  etc.)  
tend t o  concentrate i n  one phase o r  the other.  
b. Concentration by M i l l i p o r e  f i l t r a t i o n  o f  the above samples 
s h a l l  be studied. 
c. The e f f e c t  o f  pre- incubat ion before concentrat ion on the t o t a l  
numbers recovered sha l l  be determined. 
7. T o x i c i t y  s tudies 
a. S t e r i l e  mater ia l  
I t would be o f  gres t advantage t o  have a I tdry runtt  us i ng 
autoclaved ea r th  ma te r i a l ,  s i m i l a r  i n  physical  and chemical 
p roper t ies  t o  lunar mater ia ls ,  t o  t e s t  f o r  t o x i c i t y  i n  t i ssue 
cu l tu res  and animal systems. These s h a l l  include: 
(1) S t e r i l e ,  pu lver ized rock o f  mixed composit ion 
(2) S t e r i l e ,  mixed desert  s o i l  
(3) Characterized deser t  s o i l  conta in ing known abundance 
and kinds o f  m i c r o f l o r a  
b. The p o s s i b i l i t y  o f  i n f e c t i o n  a f t e r  on ly  b r i e f  exposurzs o f  
t i ssue  cu l tu res  t o  the lunar sample s h a l l  be examined, using 
a t e s t  system. Known amoufits o f  v i r u s  p a r t i c l e s  s h a l l  be 
added t o  s t e r i l e  s o i l  samples. These s h a l l  bc incubated 
w i t h  t i ssue  cultctrcs t o  permit  v i r a l  adsorpt ion f o r  2-4 hours 
and the s o i l  then removed by washing. 
8. -, I d e n t i f i c a t i o n  procedurec 
a. Known, i d e n t i f i e d  stock c u l ~ u r e s  o f  ~ i c roo rgan isms  witich w i l l  
grow and reproduce the requi red secondary d i f f e r e n t i a l  rea - 
t i ons  i n  the suggested c u l t u r e  media s h a l l  be used t o  t e s t  
both the accuracy o f  the personnel doing the t e s t i n g  anri the  
s e n s i t i v i t y  o f  the t e s t  reagents. 
b. Uninoculated con t ro l s  s h a l l  be included i n  a l l  procedures. 
c. Control  p la tes  sha l l  a l s o  be inoculated w i t h  same type o f  
s t e r i l e  mater ia l  . s o i l ,  sand, o r  1 i q ~ ! i d )  so tha t  the ran ipu-  
l a t i o n s  o f  the person doing the sampling can be evaluated and 
so;ne con t ro l  on poss ib le  contamination can be schieved. 
PROTOCOLS FOR THE RECOVERY OF 
H I  CROORGAN l SMS FRO11 THE LUNAR SAMPLE 
CULTUR ING PROCEDURES 
It should be emphasized tha t  i t  i s  e n t i r e l y  possib le t o  exhaust a l l  o f  
the  sample supply i n  the performance o f  quarant ine tes ts  f o r  organisms. 
There i s  no universal  medium f o r  c u l t u r i n g  and growing a l l  known t e r r e s t r i a l  
organisms. There i s  no s ing le  t e s t  which can be re1 i a b l y  performed t o  
detect  only  one organisp o r  a very low abundance o f  organisms when they 
are  i r r e g u l a r l y  d i s t r i b u t e d  o r  protected and enclosed by minute s o i l  o r  
rock s t ruc tu .es  i n  a la rge  quan t i t y  o f  n ~ n v i a b l e  mater ia ls .  I n  general,  
there i s  a c o r r e l a t i o n  between p a r t i c l e  s i z e  and v i a b l e  count. A d i f f e rence  
o f  one o r  two orders o f  magni tude e x i s t s  between the count/gram i n  the (44 
micron f r a c t i o n  compared w i t h  the>210 micron f r a c t i o n .  The l a rge r  number 
o f  organisms occurs ::. the smal ler f r a c t i o n .  Sample c o l l e c t i o n s  s h a l l  
be mzde w i t h  t h i s  i n  mind. 
Routine media should be u t i l i z e d  f i r s t  f o r  t e s t  purposes, but  i t  i s  
obvious tha t  a "complete" analyc is  f o r  growth o f  v i a b l  organ, .s can never 
be obtained on a l i m i t e d  supply o f  sample. Enrichments o f  the samples and 
synthesized media based Pn a range o f  non-homogeneous lunar  sample proper- 
t i e s  should a l so  be prepared. 
Tests f o r  the presence o r  absence o f  organisms i n  lunar  samples can 
he undertaken which are s i m i l a r  t o  those u t i l i z e d  f o r  t e r r e s t r i a l  desert  
s o i l s  o r  e x t r a t e r r e s t r i a l  mater ia ls  such as carbonaceous ch0ndrites.n 
* L  . - - . . . .  *- 4' - .- 
Tests should be performed t o  reveal the presence o f  common as we l l  as 
* See sect ion on Control Test ing 
spec ia l i zed  m ic ro f l o ra  groups and the a b i l i t y  o f  these organisms t o  grow 
in  various c u l t u r e  media. Viable microfauna a re  extremely u n l i k e l y ,  but,  
i f  present, may appear i n  some o f  the m i c r o b i o l o ~ i c a l  tes ts .  
Populations and groups o f  mic rob io ta  a re  found i n  s o i i s  which vary 
considerably i n  t h e i r  morphology, n u t r i t i o n ,  physiology, metabolism o r  
resp i ra t i on  (gas a c t i v i t i e s ) .  On the basis  o f  t h e i r  n u t r i t i o n ,  energy 
source, o r  t h e i r  phys io log ica l  mode o f  existence, microorganisms have 
been a r t i f i c i a l l y  placed o r  categorized i n  a number o r  groups. Some s o i l  
m ic rob io ts  a re  v e r s a t i l e  i n  t h e i r  a b i l i t y  t o  metabol ize more than one 
energy sourcc, o r  they may p r e f e r  one energy source t o  another when g iven 
a l t e rna te  modes o f  n u t r i t i o n .  I n  some cases, more than one energy source 
may be u t i l i z e d  by the same n u t r i t i o n a l  group i n  occupying t5e same 
hab i ta t ,  and such organisms are  c a l l e d  "mixotrophes," N u t r i t i o n a l  groups 
are usua l ly  studred a f t e r  t h e i r  pr imary i s o l a t i o n  i n  non-select ive o r  
-, 
broad spectrum growth media; -. e.g., f l u i d  t h i o g l y c o l l a t e  o r  an i n fus ion  base 
medium. 
\ 
Requi rements f o r  growth o f  t e r r e s t r i a l  organisriis a re  commonly considered 
t o  be the f o l l o w i r ~ g :  
1. Energy source 
2. Water a t  var ious a c t i v i t y  (suct ion) leve ls  
3. Essent ia l  ions 
4. Regulatory environmental factors; e.g. , pH, Eh, osmotic pressure, 
- . - -  barometr ic pressure,* rad ia t i on ,  temperature, e t c .  
J- 
- Suggested pressure ranges s h a l l  include atmospheric Oressures o f  approxi-  
mately 0.001 - 100 w i t h  intermediate ranges o f  0.01, 0.05, 0.1, 0.5, 1 ,  10, 
I S ,  and 31. These are  preferred atmospheric cond i t ions  which can be 
co r re la ted  w i t h  s o i l  g r a i n  s izes and moisture a v a i l a b i l i t y .  
5. Essent ia l  "growth factors";  e.g., c e r t a i n  v i tamins 
The common m ic ro f l o ra  groups should inc lude the  fo l low ing:  
1. Aerobes 
2. Microaerophi les ( f a c u l t a t i v e s )  
3. Anaerobes 
4. Heterotrophs 
5. Chemoautotrophs 
6. Photoautot ropk 
The above groups o f  m i c r o f l o r a  can be f u r t h e r  categorized as fo l lows:  
1. Bac ter ia  (espec ia l l y  baci  11 i , s o i  1 d iph tero ids ,  and cocci )  
2. Streptomycetes (act  inomycetes) 
3. Fungi (espec ia l l y  ascomycetous molds) 
4. Algae (especial  l y  f i lamentous blue-greens and coccoid greens) 
5. Others - myxomycetes, myxobacteria, v i ruses,  and protozoa 
"Physiological"  groups o f  the a3ove microorganisms can inc lude a t  l e a s t  
the fo l l ow ing  (which overlap, o r  a re  coeposed o f  the above groups) : 
1. Heterot rophic microorganisms (bacter ia ,  streptomycetes, yeasts, 
and fungi  capable o f  growing i n  var ious organic enrichment media, 
inc lud ing  osmophi les--sugar fermenters) 
2. Aerobic microorganisms (no reduct ion o f  O2 tens ion) 
3.  Microaer;ohilic microorganisms ( p a r t i a l l y  reduced O2 tension: f 13%) 
4. Anaerob i c m i  croorgan i sms ( to2,  N2, H2, Methane o r  i n e r t  gases) 
5.  Photosynthet i c  microorganisms (algae and bac ter ia )  
6. Heterot rophic n i t rogen f i x e r s  
7. Photosynthet ic n i t rogen f i x e r s  
Ammonia oxidizers 
Nitrifiers 
Deni trifiers 
Sulfur oxidizers 
Sulfate reducers 
Photosynthetic sulf~r bacteria 
Nonphotosynthetic sulfur bacteria 
Methane producers L 
Hydrogen producers 
Heterotrophic iron oxidizers 
18. Autotrophic iron oxidizers 
19. Halophiles (microorganisms capable of growing at various osmotic 
pressures and water activities) 
20. Temperature preferants* (cryophi les , mesophi les , and thermophi les 
also subject to f reeze-thaw cycles) 
21. Specialized microorganisms growing in soil extracts 
22. Col iforms and enterics 
23. Pathogens 
"Nutritional" groups, based upon maximum growth of organisms in the 
following varying complexities of media: 
1. No preformed growth factors 
2. One or more amino acids 
3. B vitamin complexes 
4. Amino acids, B vitamins, and/or other vitamins 
J: One shou'j note that there are obligate psychrophilic microorganisms that 
wi 1 1  not grow or remain viable above 2S0C. 
5. Yeast e x t r a c t  (which contains some u n i d e n t i f i e d  fac tors )  
6. S o i l  (o r  s i m i l a r  geologic  ma te r i a l ,  which can be a  s e l e c t i v e  o r  
nonselect ive medium, depending on the k i n d  o f  s o i l  and the methods 
o f  e x t r a c t i o n  and enrichment) 
a. S o i l  e x t r a c t  p lus  var ious sugars; e.g., glucose, lactose, 
Sucrose, etc .  
b. S o i l  e x t r a c t  p lus  sugars p lus  yeast e x t r a c t  
c. Sa l t  medium (no preformed growth fac to rs )  
d. S a l t  medium p lus  s o i l  e x t r a c t  
e. S a l t  medium p lus  yeast e x t r a c t  and/or sugars 
Secondary c u l t u r i n g  procedures are important i n  determining the 
p o t e n t i a l  b i o l o g i c a l  hazald o f  the lunar  sample. I t  i s  on ly  through the 
i s o l a t i o n  i n  pure c u l t u r e  and the i d e n t i f i c a t i o n  o f  organisms by s e l e c t i v e  
techniques t h a t  a  lunar  organism can be d is t ingu ished from ea r th  contam- 
inants and subsequent pathogenic i ty  determined. 
Media and de ta i l ed  procedures are found i n  the  appendix. 
I. ISOLATIOt4 I N  PURE CULTURE 
I f  growth r e s u l t s  when lunar  sample ma te r ia l  i s  p la ted  on the 
primary i s o l a t i o n  media, the organisms s h a l l  be obtained i n  pure 
c u l t u r e  by the fo l l ow ing  techniques: 
A. Colonies s h a l l  be a s e o t l c a l l y  picked w i t h  a  bac te r i o log i ca l  needle 
from p la tes  o r  removed from bro th  cu l tu res  w i t h  a  bac te r i o log i ca l  
1 oop . 
B. These primary i so la tes  s h a l l  be streqked on the same medium and 
on severa: re la ted  primary o r  secondary media and incubated 
accordingly  . 
C. These secondary colonies s h a l l  be re - iso la ted ,  and co lon ia l  
morphology s h a l l  be observed. 
D. These colonies s h a l l  be s ta ined by the var ious s ta in ing  techniques 
(see appendix) and checked microscopical l y  f o r  p u r i t y  , morpholog i ca l  
features (co lo r ,  sheen, shape, e tc . )  gram s ta in ,  f l a g e l l a t i o n ,  
sporu la t ion ,  etc .  
E. Samples o f  the pure cu l tu res  s h a l l  be t rea ted  as fo l lows:  
1. Lyophyl 1 ized and s tared a t  -70°C (dry i c e  chest o r  appropr iate 
deep freeze) 
2, .Refr igerated on s lan ts  o r  stads a t  4 " ~  
I I .  
3. Transferred every several days i n t o  fresh media w h i l e  t e s t i n g  
i s  occurr ing o r  i f  found necessary f o r  maintenance. 
l DENTI Fl  CATION 
Attempts s h a l l  be made t o  c l a s s i f y  the organisms as: 
(1) Contaminants o r i g i n a t i n g  from: 
(a) Humans 
(b) Soi 1, water (and general envi ronment) 
(2) Lunar organisms 
It i s  poss ib le  t h a t  a lunar  organism could a l so  be s i m i l a r  t o  o r  
the same as a t e r r e s t r i a l  s o i l  organism. I f  so, i t  s h a l l  be i d e n t i -  
f i e d  i n  the course o f  these procedures. U l t imate  pa thogen ic i ty  i s  
the f i n a l  c r i t e r i a  f o r  release o f  the lunar  samples regardless of 
source. The use o f  DNA determinat ion G - C  r a t i o s  v711 a l so  he lp  
t o  i d e n t i f y  organisms. 
A. Observations 
1. Macroscopic co lon ia l  morphology s h a l l  be observed, such as: 
a. Size o f  colony 
b. Shape 
c. Color 
d. Texture 
e. Change i n  c o l o r a t i o n  o f  surrounding medium 
f. F o r i a t i o n  o f  gas o r  bubbles i n  deep tubes or anaerobic 
C U '  r e  
2. Microscopic 
a. Colonia l  c h a r a c t e r i s t i c s  
(1) Type o f  growth, organized o r  simple 
(2) Presence o f  a e r i a l  s t ruc tures  (hyphae, s t a l k s )  
(3) Spores 
(4) F r u i t i n g  bodies 
(5) Buds 
b. C e l l u l a r  cha rac te r i s t i cs  
(1) Degree o f  d i f f e r e n t i a t i o n  
(2) Shape 
(3) Size 
(4) Flagel  l a t i o n  
(5) Sporulat ion 
(6) Gram (or  o ther  d i f f e r e n t i a l )  s t a i n  
(7) Chloroplasts 
(8) Nuclear apparatus 
(9) E lec t ron  microscopy fo r  de ta i  l e d  anatomical c h a r a c t e r i s t i c s  
B. Se lec t ive  c u l t u r i n g  techniques 
References t o  the de ta i l ed  schema and c l a s s i f i c a t i o n  i n  Bergey's 
Manual of  Determinative Bacter io logy and manuals on S o i l  Bacter io logy 
are found i n  the appendix. 
1. Human contaminants 
I n  evaluat ing the p o s s i b i l i t y  o f  human contamirants, the 
se lec t i ve  rredia i n  the pro toco l  on crew and environment micro- 
b io logy  s h a l l  be fol lowed. 
2. Media f o r  o ther  mic rob ia l  ea r th  contaminants 3re l i s t e d  i n  the appen- 
d i x  under secondary c u l t u r e  media. These inc lude spec ia i i zed  
media f o r :  
a. Chemoautotro~hs 
b. Photoautot rophs 
c. Halophi les 
, , , , . , . ---* 7 ~ - . r . ? m - . x - r : . . t * i -  ran -: *rPrry;l 
d. Su l f u r  u t i l i z e r s  
e. Temperature p re fe ren t s  
3. Lunar organisms 
Organisms n o t  i d e n t i f i e d  p o s i t i v e l y  by the p rev ious l y  des- 
c r i bed  c u l t u r i n g  techniques s h a l l  be placed i n t o  t h i s  category f o r  
f u r t h e r  t e s t i n g  (organisms o n l y  capable o f  growing i n  a " lunar  
ex t rac t "  s h a l l  p a r t i c u l a r l y  be s tud ied) .  
C. Sero loq ica l  i n v e s t i q a t i o n  
The p rev ious l y  descr ibed s e r o l o g i c a l  techniques f o r  human contam- 
inan ts  and v i ruses  s h a l l  be used i n  t e s t i n g  a l l  i s o l a t e s .  
0.  Fluorescent  a n t i  body techniques 
F luorescent  an t ibody  techniques a re  a l s o  use fu l  i n  i d e n t i f y i n g  
organisms. These have been p rev ious l y  descr ibed (see Crew Mic ro -  
b i o l ogy  and appendix) . 
E. Phage t y p i n e  
Phase t yp ing  s h a l l  a l s o  be used (see Crew Mic rob io logy) .  
F. Animal chal lenge 
C 
Animal chal lenge w i t h  i s o l a t e d  microorganisms s h a l l  be at tempted 
o n l y  i f  a lunar  organism i s  suspected; i . e . :  
1. P o s i t i v e  i d e n t i f i c a t i o n  i s  lack ing .  
2. Evidence o f  unusual morphology o r  c h a r a c t e r i s t i c s  i n d i c a t i n g  a 
unique and new organism. 
3. Previous evidence o f  pa thogen i c i t y  aga ins t  animals ( i s o l a t i o n  f rom 
animals which show disease symptoms). 
4. Previous evidence o f  pa thogen i c i t y  aga ins t  p l a n t s  a>d no t  p o s i t i v e l y  
i d e n t i f i e d  as a t e r r e s t r i a l  p l a n t  pathogen. 
5. I n  v i t r o  c u l t u r e  should precede exposure o f  exper imental  animals 
to build up the numbers of pcssible organisms. This would be 
necessary since in many cases of known pathogens, the number of 
organisms required to produce an infection m; be high. This is 
particularly applicable in fish pathog-ns. Of course the use of 
culture for replication o f  organisms will delay the time when actual 
testing of animals can be done and when quarantine can be lifted. 
Plant challenqe 
Organisms final ly designated in the category of "lunar organisms" 
shall also be used to challenge plants in order to determine patho- 
genici ty. 
BAC TER l A 
I. INITIAL TREATMENT OF THE SAMPLE 
A. Sample Preparat ion 
Anaerobic condi t ions s h a l l  be maintained dur ing these procedures. 
Samples over 4-6 mm which w i l l  need processing should be handled i n  
the dry s t a t e  i f  possible. Once the sample has been wetted, i t  
has been a l te red .  
1. Crushing 
Hand operated mortar and pes t l e  o r  rockers s h a l l  be used 
instead o f  mechanical devices. Pu lver iz ing  sanples lowers 
the count by one log. 
2. S iev ing 
F r i a b l e  mater ia ls  o r  samples o f  v o l c s n i c - l i k e  rocks can 
a l so  be forced through s ta in less  s tee l  mesh screens. 
B. Suspension o f  sample -
This step should be delayed u n t i l  the geochemists have assessed 
the e f f e c t s  o f  exposure t o  kt2, 02, H O,, etc.,on the convent ioqal 2 
cztnpies. The re: :nt Eh and pH should a l so  be determined. 
I f  the ? c a r  sample consis ts  o f  s i l t - l i k e  mater ia l  and i s  
suspended i n  1:,,0 o r  bu f fe red  d i l u e n t ,  a high-pressure press might 
L 
9; 
be necessary t o  push the H20 (and orLanisms) o f f  o f  the s o i  1 p a r t i c l e s .  
Suspensions o f  l a rge r  s ized p a r t i c l e s  can be ag i ta ted  (vor tex  
mixer p re fer red  t o  shakers) centr i fuged,  and processed accordi ng l y  . 
7': 
ee Richards (1954) 
Under anaerobic cond i i i ons ,  a  por t ion .  o f  the sample, p re fe rab l y  
a powder, s h a l l  be suspended i n  three d i i u t i n g  f l u i d s .  
1. Aerobic  b r o t h  
a. T ryp t  icase-soy 
b. Th iog lyco l  l a t e  
c. Lunar e x t r a c t  o r  s imulated lunar  e x t r a c t  
2. Anaerobic b r o t h  
a. An i n f u s i o n  b r o t h  
b. G a l l ' s  b r o t h  p l us  cys te i ne  
c. Lunar e x t r a c t  o r  s imulated lunar  e x t r a c t  
C. Concentrat ion 
Two ml o f  a  sample suspension s h a l l  be f i 1 te red  t',;-r-l.?h a 
s t e r i l e  assembled M i l  1  i po re  f i  1 t e r  (see p a r t  3 c). 
D. Freeze-Thaw 
Several lunar  samples s h a l l  be exposed t o  the f o l l o w i n 3  f reeze-  
thaw cyc les.  These s h a l l  s imu la te  lunar  d i u r n a l  f reeze-thaw cyc les ,  
-16S°C t o  +I?oOc, -7S°C t o  +7S0c, and -2s°C t o  +2s0c a t  var  ious 
9: 
' lunar so i l -wa te r  a c t i v i t i e s :  
1. 0% R . H .  (s 10,000 atmospt,eres suc t i c j ~ )  
2. la R . H .  (2 7,500 atmospheres s ~ c t i o ~ ; !  
3. 50% R . H .  ( ~ 1 , 0 0 0  tmospheres suct ior ! )  
4. 93% R . H .  (" 100 atmospheres suc t ion)  
5 .  98% R . H .  (g 31 atmospheres suc t ion)  
* Atmospheric suc t i on  va lves can be obta ined by $he use o f  ~ o s i t ' v e  gas 
pressure systems, o r  by use o f  t h i n  layers  o f  s;ll enclosed w i t h i n  
chambers (i .e. des icca to rs )  subjected t o  r e l a t i v e  humid i t i e s  obta irred by 
the appropr ia te  s a l  t s o l u t i o n .  
* 6. 99% R.H. (r 15 atmospheres suction) 
7. > loo% R.H. (0.5 atmospheres suction) 
1 1 .  HlCROSCOPlC EXAHINATION FOR BACTERIA 
Direct  microscopic observation o f  the lunar sample f o r  microorganisms 
sha l l  be used. However, the r a t i o  o f  any possible microorganisms i n  the 
sample t o  the proport ion o f  sample material would probably be extremely 
wide. Separation techniques and concentration o f  sample f o r  microscopic 
examination would probably require a larger amount o f  lunar material than 
i s  j u s t i f i e d  f o r  the tests. 
A. Hicroscopes 
1. L ight  
a. Regular 
b. Phase 
c. Darkf ie ld 
2. Fluorescent and fluorescent combined w i th  da rk f i e l d  
3. Electron 
Stereoscan microscopy has recently proved o f  value i n  the 
microbiological examination o f  s o i l  par t ic les .  
B. Procedures 
1. Wet mount 
2. Dry mount 
a. Gram s ta in  (~ucke r ' s  modif icat ion) 
b. Acid-fast s ta in  (Ziehl- eels sen) 
c. Spore s ta i n  (Wi r t z )  
References f o r  stains and s ta in ing procedures are found i n  the appendix. 
* This i s  the lower l i m i t  f o r  most t e r r e s t r i a l  organisms. 
I I I . PRIHARY CULTURI NG 
Culture techniques f o r  heterotrophic microorganisms should be 
performed f i r s t ,  followed by tests  f o r  special ized autotrophic 
groups. - A l l  tes ts  should be s tar ted and performed concurrently 
under aerobic and anaerobic condit ions and atmospheric pressure, 
except as indicated. L igh t  o f  s u f f i c i e n t  qua l i t y  and in tens i t y  i s  
requi red f o r  photosynthetic incubat ions (i ncl  ud ing algae) . Some 
microorganisms grow and reproduce rap id ly  fo l lowing inoculat ion. 
Other groups can grow qu i te  slowly, i f  low i n  number and the cu l tu re  
conditions are not favorable. Slower growing species may require a 
minimum o f  2 weeks t o  30 days t o  observe growth, and some organisms 
can take several o r  more months. 
Certain physical, physico-chemical, and chemical tes ts  can be 
o f  value f o r  choosing microbiological tes ts  and f o r  synthesizing 
cu l ture  media. These tests  can include the fol lowing: 
1. Hechanical analysis f o r  s o i l  gra in  s ize d is t r ibut ion.*  
2: Moisture content and a c t i v i t y  values (suction constants). 
3. Bulk density 9nd spec i f i c  gravi ty.  
4. Porosity o r  t o t a l  voids. 
5. Aggregation state. 
* There are three commonly used methods. Two involve dispersion o f  the s o i l  
i n  an aqueous medium (pipet te and hydrometer method) and the t h i r d  
method involves the use o f  sieves o f  d i f fe ren t  mesh sizes f o r  dry ma- 
t e r i a l s .  One o f  the best overa l l  references f o r  items 1, 2, 4, 5, and 8 
i s  Richards, 1954 (see appendix). 
pH (a t  various moisture leve ls ) .  
Eh (a t  various moisture levels)  0-R p o t e n t i a l  i s  re la ted  t o  pH 
and t o  the reduced condi t ions o f  the  sample. 
E l e c t r i c a l  conduct ivi ty. .  
Buf fe r  capacity.  
f l ineralogy (predominate k inds and quan t i t i es  o f  minerals as 
determined by X-Ray d i f f r a c t i o n  ana lys is  o r  petrographic exami- 
nat ion) .  
Avai lable ions (espec ia l l y  the "k l 'qen ic  ions" - chlor ides,  
n i t r a t e s ,  n i t r i t e s ,  phosphates, sul fates,  and carbonates). 
Elemental chemical abundance (Spectrographic analys is ,  bu t  a l so  
n i t rogen,  carbon, hydrogen, oxygen, and s u l f u r ) .  
13. Detectable organic matter and i t s  character izat ion.  
A. D i rec t  c u l t u r i n g  o f  sample' 
A p o r t i o n  o f  the sample s h a l l  be kept under anaerobic condi t ions 
during handling., g r i nd ing  and inocu la t ion  and s h a l l  be added t o  the 
media s p e c i f i c a l l y  designated f o r  anaerobic o r  microaeroph i l i c  t es t i ng .  
I f  the  analyses performed by the geochemists i nd i ca te  a poten- 
t i a l  i n i t i a l  harmful reac t ion  between sample/ l iquid (ac id  o r  a l k a l i  
pH, v i o l e n t  chemical react ioqs) o r  sample/gas in ter faces,  etc., d i r e c t  
p l a t i n g  s h a l l  not  be done. Instead, attempts s h a l l  be made t o  
"neutra l ize"  the samples (by the use o f  bu f fe rs ,  etc.) o r  otherwise 
provide amel iorat ing condit ions. 
However, i f  these analyses do not  i nd i ca te  adverse reactions, the 
sample can be d i r e c t l y  p la ted on various media. 
I f  the sample s i ze  i s  2-6 m the sample sha l l  be d i r e c t l y  spr inkled 
on various media. Larger samples must be reduced i n  s ize (see 1-A.). 
The use of pour p lates sha l l  be avoided since some organisms may 
be k i l l e d  a t  the temperature o f  molten agar. 
(1) Aerobic condit ions are those w i t h  c i r cu la t i ng  a i r  and the 
usual concent r a t  ion o f  oxygen (2 1% 02) . 
(2) Microaeropbi 1 i c  cond i t ions can be obtained by adding 13% 
a 
oxygen t o  the usual N2+C02 incubator. 
(3) Anaerobic condit ions are those i n  which O2 i s  excluded 
(4) I n  vacuo 
(5) An atmosphere o f  HI, rare gases. o r  one simulat ing any 
lunar "atmospherett caused by offgass ing , etc. 
1, Biphas i c  cu l t u r i ng  
This simple technique sha l l  be used i n  add i t ion t o  rout ine 
l i q u i d  and s o l i d  cu l tu r ing  l i s t e d  below. It has been proved 
t o  provide optimum growth condit ions. A 9-10-fold increase 
i n  the t o t a l  number o f  organisms has been reported compared 
t o  conventional l i q u i d  cul tures i n  the same medium. 
1 
i 
The system consists o f  a s o l i d  complete medium base w i t h  
a d i s t i l l e d  water overlay. The nut r ients  slowly d i f f use  i n to  
the l i q u i d  menstrum. The t ox i c  end products from the l i q u i d  
are i n  tu rn  absorbed by the agar. 0.1 - 1% charcoal o r  soluble , 
starch can a lso be added t o  the agar base i f  so desired. I t  
has the advantages of provid ing an i n i t i a l l y  d i l u t ed  medium, 
a reservo i r  OF slowly released nu t r i en ts ,  and a c a p a b i l i t y  of 
absorbing t o x i c  products from the medium. A de ta i l ed  descrip- 
t i o n  o f  t h i s  technique w i l l  be found i n  the Appendix. 
2. Ex t rac t  enrichment media 
The lunar sample s h a l l  be inoculated i n t o  e x t r a c t  and 
enrichment media. S o i l  ex t rac t ,  enrichments o f  s o i l  ex t rac ts ,  
and synthesized s a l t  media s h a l l  be used t o  c u l t u r e  poss ib le  
organisms from lunar mater ia ls .  An ex t rac t  o f  lunar  mater ia ls  
i s  preferable,  but  more than one k ind  o f  ex t rac t  would have t o  
be prepared and t h i s  could e a s i l y  exhaust the  sample supply. 
Synthesized media o r  ex t rac ts  based on lunar s o i l  composition 
s h a l l  be used t o  c u l t u r e  microorganisms from lunar mater ia ls .  
S o i l  ex t rac ts  and enrichment media: 
a. Selected, 1 :1 (or  other  r a t i o s )  s o i l :  water ex t rac ts  o f  
mixed " typ ica l "  a g r i c u l t u r a l  so i  1s a i d  mixed " typ ica l "  
desert s o i l s .  
(1) Hot water ex t rac t  
(2) Cold water ex t rac t  
(3) Acid ex t rac t ,  pH adjusted 
(4) Base ex t rac t ,  pH adjusted 
b. S a l t  medium - s o i l  ex t rac t  f o r  photoautotrophs and algae. 
c. Sa l t  medium and enrichment f o r  photoautotrophs and algae. 
d. Lunar s o i l  (co ld water) ex t rac ts  
e. Lunar s o i l  ex t rac t  enrichment - t o  be determined on basis 
o f  lunar s o i l  composition, ion a v a i l a b i l i t y ,  and possible 
organ i cs . * 
f. Sintered glass enrichment implantat ion tubes o r  cap i l l a r y  
enrichmeat implantat ion tubes f o r  p a r t i a l  imbedding i n  
lunar s o i l .  
3. Sequential exposure cu l tu r ing  
The pulverized sample sha l l  be subjected t o  a sequential 
exposure t o  a wide var ie ty  o f  cu l tu re  media and incubation 
conditions. Basical ly ,  t h i s  might be done i n  an incubation 
vessel equipped w i t h  membrane f i l t e r s  on the out f low t o  r e ta i n  
the sample and on the in f low t o  prevent int roduct ion o f  organisms. 
Liqu:d media could be programmed t o  f low through the u n i t  a t  
any ra te  o r  desired sequence. The incubation temperature 
could be programmed as desired. The gas f low f o r  ag i t a t i on  
and aerat ion sha l l  be s t e r i l e  and gas composition (02, N2, 
C O ~ )  could be control  led. Growth sha l l  be detected by moni- 
to r ing  f o r  C02 i f  t h i s  gas i s  not used f o r  input. A be t te r  
system might be t o  use c14- labeled nut r ients .  Another a l t e r -  
nat ive  might be t o  monitor t u rb i d i t y .  
4. Radioactive medium (c14-labeled medium) 
The lunar sample sha l l  be inoculated i n t o  media containing 
14 
c14-labeled substrates and sha l l  be analyzed f o r  C O2 during 
incubation. Many t e r r e s t r i a l  microorganisms metabolize organic 
14 
substrates t o  y i e l d  C02. Production o f  C O2 from labeled 
substrates would provide an ind icat ion o f  v iab le  organisms i n  
* This procedure should be deferred unless the organic analyses indicate 
su f f i c ien t  organic contents t o  render the techniques meaningful. 
the lunar sample and indicate a s i m i l a r i t y  o f  metabolic path- 
ways ( ~ o r o w i t z ,  1966). The de ta i l s  o f  t h i s  procedb:r.e are 
found i n  the Appendix. 
5. Organic broth 
a. F lu id  th iog lyco l la te*  
b. F lu id  th iog lyco l la te  + CaCO * 3 
c.  Trypticase o r  t r y p t i c  soy broth* 
d. Infusion broth 
(1) Brain-heart 
(2) Beef -heart 
(3) Beef- l iver*  
(4) Veal infusion 
e. Nutr ient  bro th  
f. Lactose broth 
g. Eugonbroth 
h. Tinsdale's broth 
I .  Dubos broth  base + Tween 80* 
j ,  Selenite F broth 
k. Tetrathionate enrichment broth 
1. Todd-Hewitt broth 
m. Leptospi ra broth* 
6. Inorganic broth* 
a. N i t r a te  broth f o r  n i  t r a t e  reducers (deni t r i f  iers)  
b. Urea broth  f o r  ammonification 
* Also suggested by the CDC. 
c. Potassium nitrate-glucose so lu t ion f o r  d e n i t r i f i e r s  
d. Czapek-dox broth  ( inorganic n i t rogen metabol i zers) 
e. Bei jer inckis th iosu l fa te  so lu t ion f o r  th iosu l fa te  oxid izers 
f. Fer r i c  ammonium-citrate-nitrate so lu t ion f o r  heterotrophic 
i ron  bacteria. 
7. Organic agar 
a. Blood agar* 
5% def ib r inated rabb i t  blood and e l  ther t rypt icase o r  
t r y p t i c  soy o r  Casmanis blood agar base. 
b. Fresh blood agar 
c. Mac Conkeyis agar* 
d. Nut r ient  agar 
e. Semi-solid b ra in  heart infusion agar (0.5% agar) 
f. Chocolate blood agar 
g. Trypticase o r  t r y p t i c  soy agar 
h .  Thornton's agar 
i. Dubos ce l lu lose decomposition medium (aerobic) 
j. Lowenstein-Jensen media 
k. 7-H-10 e,edia 
1. Egg media ( f o r  act inomycetes) 
8. Inorganic agar* 
a. Lunar ex t rac t  o r  simulated lunar ex t rac t  
b. Sa l t  medium f o r  photoautotrophs and algae 
c. Burkts nitrogen-free s a l t  medium f o r  n i t rogen- f ixers  
* Also suggested by the CDC. 
d,. Stephensen's media f o r  n i  t r i f  ie rs  
( 1) f o r  N i t rosomononas 
(2)  f o r  Nitrobacter 
e. Van Delden's sul fate reduction medium 
f. Starkey's su l f u r  oxidat ion medium 
g. Van N ie l ' s  photosynthetic su l f u r  medium 
h. Leathen's autotrophic i ron  oxtdation medium 
9. Selected media f o r  microaerophi 1 i c  tests 
a. F lu id  th iog lyco l la te  
b. F lu id  th iog lyco l la te  + CaCO 3 
c. T rypt  icase-soy agar 
d. Blood agar 
e. Thornton's agar 
(it i s  not necessary t o  reduce O2 tension per se w i th  media a and b) 
10. Selected media f o r  anaerobic tests 
A cu l tu re  o f  a s t r i c t  and fas t id ious anaerobe such as 
Clostr idium haemolyticum sha l l  be included as a monitor f o r  
the adequacy o f  the media and anaerobiosis methods. 
a. F lu id  th iog lyco l la te  
b. F lu id  th iog lyco l la te  + CaCOj 
c. Blood agar 
d. Trypticase-soy agar i n  COZ, N2 and He 
e. Thornton's agar i n  C02, N2 and He 
f. Anaerobic agar i n  Brewer covers ( ja rs )  
g. Anaerobic agar + dextrose i n  Brewer jars .  
h. Methane fermentat ion i n  agar f o r  C02 reduct ion  
I .  Hydrogen fermentat ion  agar f o r  Cop reduct Ion  
j. N i t r a t e  b ro th  f o r  n i t r a t e  reducers and n i t r a t e  formation 
k. Winogradsky's glucose-phosphate N- f  ree medium f o r  anaerobic 
bac te r i a  ( a n a e r ~ b i c  N - f i xa t i on )  
1. Omellansky's c e l l u l o s e  decomposition medium (anaerobic) 
m. G a l l ' s  b ro th  + cyste ine 
B. Cul tu r ing  from sus~ended sample 
I f  necessary, the lunar  sample s h a l l  be suspended i n  various 
d i l uen ts  t o  n e u t r a l i z :  any i n i t i a l l y  harmful react ions.  Depending 
on the  geochemists' analyses, these s h a l l  inc ludc bu f fe red  d i l uen ts ,  
p r o t e i n  enriched broths,  beef hear t  i n f u s i o n  bro th ,  0.85% sa l ine ,  e tc .  
1. Whole suspensions 
a. One m l  o f  suspension s h a l l  be inoculated i n t o  'he b ro th  and 
agar media l i s t e d  i n  sec t ion  A. 
b. Broth and agar s h a l l  be incubated a t  the designated tern-. 
,,eratures ae rob i ca l l y  and anaerobical ly .  
c. Broth and agar p la tes  s h a l l  be examined d a i l y  u n t i l  growth 
occurs. Plates s h a l l  be kept a t  l eas t  60 days. 
2. Centr i fuged suspensions 
These suspensions s h a l l  be cent r i fuged a t  a low speed. 
The resu l tan t  supernatant and sediment s h a l l  a l s o  be used as 
inocula f o r  the  media described i n  the previous sect ions. 
C. Cu l tu r ing  from sample concentrated by M i l l i o o r e  f i l t r a t i o n  
A f t e r  samples have been su i  t ab l y  resu-pe~ded (as indicated 
i n  the prevTcus sec t ion) ,  the organisms i n  the supernatant s h a l l  
be concentrated by M i l l i p o r e  f i l t r a t i o n .  These samples s h a l l  
a l s o  be observed microscopical ly.  The M i l l i p o r e  f i l t e r  s h a l l  
be t reated as fol lows, using MF b r o t h  medium, MF yeast and mold 
medium, MF t o t a l  count medium, and/or other desi red media selected 4 
from sect ion A. 
1. The f i l t e r  o r  pad s h a l l  be saturated w i t h  b r o t h  and incubated 
under h igh humidity. 
2. The f i l t e r  s h a l l  be placed d i r e c t l y  i n t o  broth.  
3. The f i l t e r  s h a l l  be placed d l r e c t l y  on the surface o f  s o l i d  
media. 
The media s h a l l  be incubated ae rob ica l l y  and anaerobical ly  
a t  27OC and 35OC and other indicated t-nperatures (i .e. 4, 18, 45, 
56). These media s h a l l  be monitored f o r  growth as previously 
indicated. 
0. Cul tur inq  from sample concentrated by f l o t a t i o n  or  l i q u i d  p a r t i t i o n *  
If i n i t i a l  c u l t u r i n g  attempts w i t h  lunar mater ia l  are negative, 
f l o t a t i o n  or  l i q u i d  p a r t i t i o n  methods s h a l l  be used t o  release and 
concentrate any organisms adhering t o  p a r t i c u l a t e  matter.  
1. F l o t a t i o n  
Certa in f l o t a t i o n  f l u i d s ,  such as Ludox, when combined w i t h  a 
Lundgren e t a 1 . , 1967 
Alber tsson, 1960 
Advanced Bread Boards f o r  B.W. Detect ion. Vol . 1, 1966, Space-General 
Corporation, Defense Documentation Center SGC 952R-3. 
shaking-preincubation per iod (* 3 hours) have been found t o  enhance 
the t rans fer  o f  organisms from s o i l  p a r t i c l e s  i n t o  t h i s  surrounding 
1 i qu id  mens truln. 
2. L iqu id  p a r t i  t i o n  
Certa in mixtures of aqueous polymers tend t o  separate i n t o  two 
1 i qu id  phases. P a r t i c l e s  i n  the mlcron range s i z e  (bacter ia, viruses, 
etc.)  tend t o  concentrate i n  one phase or  the o ther .  Sys terns such 
as 5% Du Pont 72-60 po lyv iny l  a lcohol  + 10% Pharmacia Dextran-250 
s h a l l  be used. 
I V .  SECONDARY CULTURING 
The methods are  described under Secondary Cu l tu r i ng  Procedures, a t  'he 
beginning o f  the Lunar Sample Test ing sect  ion. 
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ALGAt 
-
I. DIRECT EXAMINATION OF THE LUNAR SAMPLE 
A. Microscopic examination 
1. I n  the d i r e c t  examination o f  s o i l ,  the fluorescence o f  the pigments 
f a c i l i t a t e  the detec t ion  o f  algae. Fluorescence microscopy sha l l  be 
used t o  study the lunar sample. The procedures are described i n  d e t a i l  
i n  Methods o f  So i l  Analysis, Par t  2, 1965. 
2. L i g h t  and phase microscopes sha l l  be used t o  examine the lunar mater ia l .  
Supernatants, sediments, and dry  mater ia l  sha l l  be observed. 
3. A l iquots  of d ry  mater ia l  sha l l  be examined by e lec t ron  microscopy. 
Preparations o f  sample and g r i d s  are described i n  the Appendix. 
I I . , CULTURING 
A. The so i l -b lock  o r  enrichment c u l t u r e  method i s  considered the most usefu l  
method i n  i s o l a t i n g  algae from s o i l .  
B. Media 
1. Hedia s p e c i f i c a l l y  recommended f o r  s o i l  for,>rs are as fo l lows:  
a. B r i s t o l ' s  so lu t i on  
' b .  Soil-water medium o f  Pringsheim 
c. Wi l l son and Forest  enrichment s o l u t i o n  
d. Wilson's so lu t i on  
2. Addi t ional  media used i n  the c u l t u r i n g  o f  algae are as fo l lows:  
a. Cyanophycean agar 
b. Desnid agar 
c. Diatom sea-water agar 
d. Eraschreiber so lu t i on  
e. Euglena medium 
f .  Ma1 t agar 
g. HBB agar 
h. Polytomel la medium 
I .  Porphyridium agar 
j . Proteose agar 
k. Schreiber 's  s o l u t i o n  
1. S o i l  e x t r a c t  agar 
m. Trebouxia agar 
n. Volvocacean agar 
o. Waris s o l u t i o n  
OBSERVATION 
The f o l l o w i n g  observat ions s h a l l  be made: 
A. Gross morphology 
1. Texture 
2. Pigmentation 
B. Rate o f  growth 
C. Microscopic examinations f o r  a lga l  morphology 
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FUNGI AND ACTINOMYCETES 
I. DIRECT EXAMINATION OF LUNAR SAMPLE 
A. Macroscopic Examination 
1. F i ve  mg of untreated sample s h a l l  be placed on a microscopic s l i d e .  
2. It sha l l  then be examined i n  the dark w i t h  a Wood's lamp f o r  
evidence o f  f luorescence. 
B. Microscopic Examination * 
1. L i g h t  and phase microscopes s h a l l  be used t o  examine l una r  mater ial .  
2. If f luorescent  mater ia l  i s  present, i t  sha l l  be examined micro- 
scop ica l l y  and cu l tu red .  
3. Suggested treatment f o r  d i r e c t  observat ion. 
a. 10% Potassium Hydroxide 
(1) F i ve  mg o f  sample s h a l l  be placed i n  a drop o f  10% potas- 
sium hydroxide on a glass s l i d e .  
(2) A cover s l  i p  s h a l l  be added and the s l  ide sha l l  be heated 
by ho ld ing  i t  f o r  a few seconds over a Bunsen burner.  
no t  b o i l .  
-- 
(3) This s l i d e  s h a l l  then be examined under the low power o f  
the microscope w i t h  reduced l i g h t  f o r  the presence o f  fungal 
elements. I t  s h a l l  a lso be examined under h igh power. 
b. l nd ia  Ink 
(1) F i ve  mg o f  sample s h a l l  be placed i n  a drop of  l nd ia  i n k  
on a s l i d e .  
(2) The cover s l i p  s h a l l  be added. 
(3)  The s l  ide sha l l  be examined under low power and h igher  mag- 
n i f i c a t i o n  i f  needed. 
* Formulas f o r  s ta ins  and var ious procedures are found i n  the Appendix. 
c. Lacto-phenol co t ton  b lue  
(1) F i ve  mg o f  sample sha l l  be placed i n  a drop o f  lac to-  
phenol co t ton  b lue.  
(2) The sample sha l l be teased and m i  xed us ing a 22 gauge 
w i re  needle. 
(3) This  sha l l  then be covered w i t h  cove rs l i p .  
(4) The s l i d e  s h a l l  be examined w i t h  low power and w i t h  h igher  
magn i f i ca t ion  i f  necessary. 
(5) If spores o r  o ther  d iagnost ic  s t ruc tures  are observed, i t  
may be poss ib le  t o  i d e n t i f y  the c u l t u r e  s o l e l y  by d i r e c t  
examination. 
1 1 .  EXTRACTION, SUSPENSION AND CONCENTRATION OF SAMPLE 
The specimen s h a l l  be handled according to  the procedures l i s t e d  under 
the sec t ion  on Bacter ia .  
. I l l .  PRIMARY CULTURING 
The 1 unar sample sha l l  be cu l  tured ae rob i ca l l  y and anaerobi ca l  l y  f o r  
the presence o f  fungi, inc jud ing  yeasts and actinornycetes. 
A. Media 
1 .  Sabouraud's dextrose agar. 
2. Sabouraud's dextrose agar w i t h  1% yeast e x t r a c t .  
3. Bra in hear t  i n fus ion  agar (f a n t i b i o t i c s ) .  
4. Sabouraud's dextrose agar w i t h  cyclohexamide and chloroamphenicol. 
5. Corn meal agar. 
6. Potato dextrose agar. 
7. Phytone yeast. 
8. Actinomyces. 
9. Jensen's streptomycete agar. 
10. Mar t in 's  rose bengal agir
11. Mycophil media 
12. Wort agar 
13. Czapek-dox agar 
14. Sabhl-blood media 
I S .  Ma l t  e x t r a c t  media 
16. Basidiomycete media 
17. S o i l  e x t r a c t  agar 
18. Natural  media ( in fus ion)  
19. Beebe's Hay Infus ion-dung agar (Myxomycetes, e t c . )  
20. Raper's Hemp agar f o r  (Achvla) 
B. Incubat ion 
The temperatures used fo r  incubat ion s h a l l  be room temperature 
(25' t o  30'~) and 35%. 
C.  L i s h t i n q  
The cu l tu res  s h a l l  be incubated i n  l i g h t  (day l i gh t  10-12 hours 
per 24 hours) and dark (only) 2s0, 3s°C. 
D. Observation 
The fo l l ow ing  s h a l l  be observed: 
1. Gross morphology 
a. Texture 
b. Pigmentation 
2. Rate o f  growth 
3. Microscopic examination fo r  fungal morphology (teased mounts i n  
l a c  to-phenol b lue preparat ions) . 
I V .  SECONDARY CULTURING 
A. Special media s h a l l  be used t o  induce sporu la t ion  o r  t o  produce a 
p a r t i c u l a r  s t r u c t u r e  or a specia l  type of c u l t u r a l  growth. 
1. Sabouraud's dextrose agar 
2. Potato dextrose agar 
3. Corn meal agar 
4. Urea agar 
5 .  ~oeff1e:s media 
6. Eosin methylene b lue 
7. Beef e x t r a c t  blood agar 
8. Carbohydrate b ro th  med i a 
9 .  Yeast morphology agar 
B. N u t r i t i o n a l  o r  o ther  phys io log ica l  t e s t s  s h a l l  be used t o  determine 
the d iagnost ic  phys io log ica l  c h a r a c t e r i s t i c s  o f  the i s o l a t e .  (Page 
E-16, CDC Mycology Laboratory Manual). 
C .  I n  some instances i t  may be necessary t o  perform animal t e s t s  t o  
i d e n t i f y  fungal paihogens. 
 i ice and Guinea Pigs) .  
0.  Sl ide  cu l tu res  s h a l l  be prepared t o  determine the re la t i onsh ip  o f  
spores to  the conidiophores. See Appendix. 
E. More de ta i l ed  procedures a re  g iven i n  the previous sect ion, e n t i t l e d  
Secondary Cu l tu r ing .  
V . REFERENCES 
See the references l i s t e d  on page 50 of the Crew Microbio logy 
sec t i on  and the general references on pages ' 114-1 15 o f  the Attempt To 
Cu l tu re  Bacter ia From The Lunar Sample sec t ion .  
PROTOZOA 
I. SAMPLE PREPARATI ON 
Flve gm o f  the lunar sample s h a l l  be suspended i n  30 m l  o f  s t e r i l e  
phys io log lca l  sa l ine .  This s h a l l  be s t i r r e d  f o r  5 minutes and then 
allowed t o  s e t t l e .  
I I. M l CROSCOP l C EXAM l NATl ON 
A. D i r e c t  microscopic examlnations o f  s o i l  a re  labor ious and genera l l y  
not recommended f o r  t e r r e s t r i a l  s o i l s .  I t  i s  recomnended, however, 
t ha t  the lunar sample be examined f o r  the presence o f  cysts.  
1. Several drops o f  the supernatant s h a l l  be examined w i t h  l i g h t  and 
phase microscopes f o r  the presence o f  cysts.  
Smears sha 11  be made o f  the supernatant, d r ied ,  s ta ined,  and 
examined microscopical ly .  
2. S l ides s h a l l  be made o f  the sediment and examined, using l i g h t  and 
phase microscopy. 
Smears o f  the sediment s h a l l  be dr ied ,  stained, and examined 
microscopical ly .  
. ,. 
Ill. Cu l tu r i ng  
A. The method devised by Singh f o r  s o i l  protozoa, using a nonnutr ient  agar 
ca r r y ing  a con t ro l l ed  b a c t e r i a l  populat ion,  s h a l l  be used i n  the attempt 
t o  c u l t u r e  protozoa from the lunar sample. The procedure i s  described 
i n  d e t a i l  i n  the Methods of S o i l  Analysis,  Par t  T& (1965). 
8. An add i t i ona l  method using Mannitol  S o i l  Ex t rac t  agar i s  described 
f o r  the i s o l a t i o n  o f  protozoa i n  s o i l  by A l l en  i n  Experiments i n  
Soi 1 Bacter io loqy (1949). 
I V. OBSERVATI ON 
The f o l l m i n g  observations s h a l l  be made: 
A. Gross morphology 
8. Rate o f  growth 
C: Microscopic examination for  diagnostic features  
V. REFERENCE 
P l  ten, 0.  H. ,  1949, Experiments i n  Soi 1 Bacteriology, Burgess Pub1 ishing 
Co., Minneapolis, Minnesota. 
8 
Black, C .  A. ,  et aJ., 1965, Methods of  Soi l  Analysis,  Par t  Two, Am. 
Soc. o f  Aaronomy, I n c . ,  Madison, Wisconsin. 
VIRUSES 
, 
The procedures f o r  the i s o l a t i o n  o f  animal, p lan t ,  and b a c t e r i a l  v i ruses 
from the lunar sample s h a l l  be cor re la ted w i t h  the other  pe r t i nen t  sect ions 
of the protocol  
I. EXTRACTION, SUSPENSION AND CONCENTRATION OF SAMPLE 
The procedures 1 i s t e d  under Attempts t o  Culture Bacter ia and the 
Virology sections o f  crew and environment microbiology sha l l  be fo l lowed 
i n  preparing the lunar mater ia l .  
I I. MICROSCOPIC EXAMINATION 
A l i q u o t %  >f d ry  mater ia l  from each 1 gm sample w i l l  be examined by 
d i r e c t  e lec t ron  microscopy. Preparat ion o f  sample and g r i d s  are described 
i n  the Appendix. I n  add i t ion ,  supernatants o f  samples concentrated by 
u l t racen t r i f uga t ion  s h a l l  be observed. Concentration o f  sediment may a lso 
be necessary t o  provide proper v i s u a l i z a t i o n  o f  viruses. 
I l l  PRIMARY AND SECONDARY CULTURING 
A. I7 imal  and p lan t  v i ruses 
Procedures f o r  inocu la t ion  i n t o  animals, t i ssue cu l tu res ,  e t c .  
are given i n  the sect ions on: 
1 V i r a l  chal lenge 
2. Animal and p lan t  challenge 
3. Crew and environment microbiology 
B. Bacter ia l  Viruses 
Lunar sample supernatants or  suspensions sha l l  be added t o  log 
phase cu l tu res  o f  rep rese r ' - t i ve  groups o f  b x t e r i a  growing i n  various 
media (depending on the organism) . Cul tures sha l l  be incubated f o r  
several hours and centr i fuged.  The supernatants s h a l l  then be tested 
f o r  plaque-forming a b i l i t y  w i t h  the same s t r a i n s  o f  bac ter ia .  Various 
d i l u t i o n s  of the supernatants s h a l l  be added t o  warm 0.7% agar con: 
8 t a i n i n g  bac te r i a  a t  a concentrat ion o f  10 /ml. This sha l l  then be 
poured over a hard agar medium base. A f t e r  incubat ion, the p l a t e s  
s h a l l  be examined f o r  plaques. If plaques are found, bacteriophage 
s h a l l  be re - iso la ted  and p u r i f i e d .  
The fo l low ing l i s t  o f  bac te r i a  might be used as representat ive 
o f  some'of the t y p i c a l  organisms worthwhi le t es t i ng .  
Pseudomonas aeruq i nosa Escher ich ia c o l i  
Azotobacter v i n e l a n d i i  B a c i l l u s  s u b t i l i s  
Rhizobium lequminosarum Staphylococcus aureus 
~ t r e ~ t o c o c c u s  1 ac t  i s Streptomyces qr iseus 
Lac tobac i l lus  casei 
Penassay b ro th  and agar s h a l l  be used f o r  a l l  organisms except 
Azotobacter v in land i  i which s h a l l  be grown on Burkls medium (see 
- 
appendix). 
These experiments s h a l l  be coordinated w i t h  the procedures i n  
the P lan t  sect ions on Chal lenge o f  Microorgan i sins. 
I V .  IDENTIFICATION 
Attempts sha l l  be made t o  i d e n t i f y  a l l  v i r a l  i so la tes .  Those 
u n i d e n t i f i a b l e  or thought t o  be o f  lunar o r i g i n  sha l l  be studied i n  
greater  de ta i  1 f o r  p o t e n t i a l  b i o l o g i c a l  hazard. 
A. Animal and Plant  Viruses 
Procedures f o r  the i d e n t i f i c a t i o n  o f  animal and p l a n t  v i ruses  
have been given i n  the o ther  pe r t i nen t  sect ions o f  the pro toco l  
inc luding the Appendix. 
B. Bacter ia l  Viruses 
Bacter ia l  v i ruses can be recognized and c l a s s i f i e d  as t o  
morphology (e lec t ron  microscopy) and host spec i f  i c i  ty .  
V. 'REFERENCES 
Lur ia,  S.E. and J.E. Darnel l ,  Jr., 1967. General Virology, 2nd Ed., 
J. Wiley and Sons, Inc., New York, Chapters 1 & 2. 
A l s o  see the appropr iate references i n  the sec t ion  on V i r a l  Challenge. 
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INVERTEBRATE AND PROTOCHORDATE ANIMAL SCHEMA 
PRIOR I N TESTING 
Protozoa 
F lage l  l a t a  
Euqlena q r a c i l i s  
Rh i zopoda 
Amoeba proteus 
C i l i a t a  
Paramecium au re l  i a  
Coelentera t a  (Cni dar i a  and C tenophora) 
Pelma tohydra 01 i qac t i s (hydra) 
P la tyhelminthes 
Duqes i a  dorptocepha l a  (planar ia )  
Aschelminthes (~erna thelminthes) 
, 
R h a ~ d  i t i  s maupas i (new  tode) 
Anne 1 i da 
Lumbr i cus  t e r r e s t r  i s (earthworm) 
Mol lusca 
Gas t r opoda 
Ota la  l a c t e a  (snai 1) 
-L__ 
B i v a l v i a  
Crassos t r ea  v i r q i n i c a  (oyster )  
Ech i noderrna t a  
Arbacia pun tu la ta  (sea u rch in )  
Ar thropoda 
Crus tacea 
Daphnia (water f l e a )  o r  Artemia (b r i ne  shrimp) 
l nsec ta 
Bla te l  l a  qermanica (cockroach) 
Chorda ta 
Cepha 1 ochorda ta 
Branchios toma (amphioxus) 
I NVERTE BkA'TE SCHEMA 
ADDITIONAL SPECIES OF HIGH PRIORITY 
Protozoa . 
. 
Blephar isma undul ans (pink protozoa) 
Platyhelminthes 
Hymenolepis diminuta (tapeworm) 
Aschelmi nthes 
Epiphanes ( r o t i f e r )  , 
1 nsec t a  
D iptera  
Drosophi l a  ( f r u i t  f l y )  
Anopheles quadrimaculatus (mosquito) 
- 
Col eop t e  r a  
Tenebr i o  mol i t o r  (mealworm) 
VERTEBRATE SCHEMA 
PRIORITY TESTING 
Phy 1 urn Chorda ta  
Vertebra ta 
Pisces 
Plmepha les promelas ( f a  t-head mi nnm) 
Amphibia 
Arnbvs toma tiqr inum ( t i g e r  salamander) 
Rept i 1 l a  
Pseudemys scr i p t a  eleqans (red-eared t u r t l e )  
Aves 
Callus ga l lus  (domestic fowl) 
I__ 
Mamna 1 l a 
Mus rnuscul us (mouse) 
-
VERTEBRATE SCHEMA 
ADDITIONAL SPECIES OF HIGH PRIORITY 
Phylum Chordata 
Vertebrata 
P i  sces 
Chondr ichthyes 
Elasmobranchi i - Mustel l us  canis (smooth dog f i sh  shark) 
L 
Osteichthyes 
Salve1 inus f o n t i n a l  i s  (Brook t rou t )  
Oncorhynchus ( P a c i f i c  salmon) 
Choanichthyes 
Protopterus aeth iopicus (A f r i can  lungf ish)  
Amphibia 
Xenopus 1 aev i s (South A f  r i can c 1 awed toad) 
R e p t i l  i a  
An01 i s caro! inens i s  (Arner ican chameleon) 
Ave s 
Coturn ix  co tu rn i x  (quai 1 )  
Mamma 1 i a 
Cavia po rce l  l u s  (guinea p ig )  
-
SPECIES SELECT1 ON 
It w i l l  be impossible t o  t e s t  b i o l o g i c a l l y  the lunar sample on a l l  
ea r th  species. Port ions o f  the sanple should be tested i n  representat ive . 
members o f  a l l  major taxa. Because o f  the concept o f  "un i ty  w i t h i n  
d i v e r s i t y "  o f  b i o l o g i c a l  processes on earth, c e r t a i n  selected organisms 
would provide a broad-based spectrum f o r  b i o l o g i c a l  t e s t i n q  purposes. 
Whenever possib le,  se lect ions w i t h i n  a majov taxon should be made on the 
basis o f  d i f fe rences i n  environment, reproduct ive mechanisms, feeding 
habits,  temperature and s a l i n i t y  tolerances, and other d iverse  cha rac te r i s t i cs  
o f  the organism. 
Select ion o f  species i n  the  pro toco l  has been made w i t h  the fo l l ow ing  
parameters i n  mind: 
1. I s  the species e a s i l y  acquired i n  adequate supp!y t o  a l l ow  f o r  
c o n t i n u i t y  i n  the t e s t i n g  procedure should the i n i t i a l  stock o r  
c u l t u r e  be l o s t ?  Can the species be maintained i n  the laboratory 
wi thout  resor t  t o  h i g h l y  specia l ized equipment and personnel? 
2. I s  s u f f i c i e n t  knowledge o f  the normal b io logy  o f  the species 
ava i l ab le  t o  a l l ow  f o r  the formulat ion o f  c r i t i c a l  t e s t i n g  pro- 
cedures? I s  the species we l l  su i ted  f o r  t e ~ t i l ; ~  the. e f f e c t  o f  the 
lunar sanlple on a fundamental b i o l o g i c a l  process? Does the t e s t  g ive  
a more-or-less immediate response,and does i t  involve a normal aspect 
of the b io logy o f  the species? 
Does the species represent a group o f  organisms which are we1 1 known 
t o  most b io log i ca l  s c i e n t i s t s ?  Where possib le,  are the species o f  
commercial importance o r  representat ive o f  species o f  commercial 
importance? 
CONTROL TESTING 
1 .  The e f f i c a c y  o f  the pro toco l  must be pre-tested,using a v a r i e t y  o f  koisons, 
ant imetabol i tes,  pathogens, end i r r i t a n t s  p r i o r  t o  t e s t i n g  b i o l o g i c a l  
systems w i t h  samples der ived e x t r a t e r r e s t r i a l l y .  
Pre l  iminary s tudies (dry runs) should be performed, us ing a ser ies  o f  
t e r r e s t r i a l  s o i l  samples. These samples should a l so  be inoculated w i t h  a 
known concentrat ion o f  s p e c i f i c  pathogens and the recovery values determined. 
2.  T o x i c i t y  t es t s  should await  the r e s u l t s  o f  spectrophotometry, s ince simple 
inorganics, such as magnesium, copper, and arsenic, are known t o  be l e t h a l  
t o  many lower forms. 
3.  Inves t iga tors  should have, a t  the e a r l i e s t  poss ib ie  time, the r e s u l t s  o f  
the chemical ana lys is  o f  the lunar ma te r i a l .  If compounds known t o  be 
de le ter ious  are present i n  the sample, then P simulated lunar sample should 
be used as an add i t i ona l  con t ro l .  
4. Control  samples o f  t e r r e s t r i a l  o r i g i n  sha l l  be sirni l?:  ' I ,  composit ion and 
physical  character t o  the lunar sample. 
5 .  "Experimental cont ro lsu  s h a l l  be run us ing autoclaved o r  s t e r i l i z e d  l u ~ a r  
mater ia l .  
6 .  Any t e s t i n g  o f  the lunar mater ia l  t o  ascer ta in  de le ter ious  b i o l o g i c a l  e f f e c t s  
should be ccnducted w i t h  appropr iate c ~ n t r o l  organisms and w i t h  s t a t i s t i c a l  
treatment o f  the data co l l ec ted  whenever feas ib le .  
7. The environment o f  the con t ro l  animals and p l a n t s  s h a l l  s imulate the 
experimental as c lose l y  as possib le.  
METHODS OF EXPOSURE 
The f o l l w i n g  methods o f  challenge o f  b io log ica l  systems are suggested: 
1. ln jec t ion o f  any rep l i ca t ing  form cultured from the lunar sample, i t s  
products, o r  derivatives. 
2. ln jec t ion o f  products o r  der ivat ives from organisms reproducing and 
growing i n  growth media enriched w i th  lunar material.  
3. Direct challenge o f  l i v i n g  systems by lunar material:  
a. (1) ln jec t ion  o f  lunar material i n t o  organism 
2 )  l n jec t ion  o f  aqueous, saline, o r  other extracts o f  lunar material 
b. Ingestion o f  so l i d  pa r t i c l es  e i ther  from dr ink ing water o r  from 
material placed cn o r  i n t o  d ie tary  materials pecul iar  t o  the test  
organ i sm. 
c. Suspension c f  the lunar sanple i n  medium occupied by aquatic 
specimens or substrate (cul ture media, so i l ) .  It i s  recognized 
that  water-soluble materials w i l ;  undergo considerable d i l u t i on .  
d. Application o f  the lunar o r  derived material t o  skin o r  other 
'appropr iate surface where absorption o r  entry might take place. 
SAMPLE S l Z E  USED I N  EXPOSURES 
Models have been devised t o  estimate the gram amounts necessary f o r  the 
detect ion o f  microorganisms i n  the lunar sample. (See the analysis, 
88Computation on Probabi l i t ies  o f  Detecting Microorganisms i n  Mass o f  
Lunar Sample," given i n  the Appendix.) 
The fo l lowing factors sha l l  be considered i n  the t rans la t ion  o f  models 
for  detect ing rep1 i ca t ing  organisms t o  an operational protocol:  
1. I s  the theoret ica l  gram amount chemically t ox i c  t o  the host organism? 
2.  I s  the environment selected a hospitable one f o r  i t s  surv ival ,  growth, 
and rep l ica t ion? I s  the species chosen an adequate "host"? 
3. If a su i tab le  environment i s  found, w i l l  i t s  presence i n  the host 
be detected? W i  11 a react ion be apparent? 
SOLUTl ONS 
1. Lunar Sample 
a. Varying concentrations o f  the lunar sample sha l l  be used i n  a l l  
tests. Un t i l  the chemical composition o f  the sample i s  known, 
the concentrations necessary f o r  tes t ing  remain subjective. 
5 .  Chemical t o x i c i t y  o r  the organism's tolerance t o  inorganic com- 
pounds and spec i f i c  elements w i l l  be o f  prime cons~derat ion i n  
establ ishing concentration levels. "Dry runs" can estab l ish a 
general level  o f  chemical tolerance. A f te r  the inorganic analysis 
o f  the lunar sample i s  avai lable, then concentration leve ls  can be 
. adjusted t o  these f indings. This may involve el iminat ing those on 
the upper scale and adding sequential ly decreased concentrations on 
the lower scale. 
c. The lunar sample sha l l  be asept ica l ly  added t o  s t e r i l e  d i s t i l l e d  
water, nut r ient  solut ions a n d  media, and physiological saline. 
d. The chemical e f f ec t  o f  the lunar sample on the composition o f  nut r ient  
solut ions and sal ines must be considered. Appropriate controls may 
have t o  be established f o r  v a l i d  in terpreta t ion o f  the experimental 
results. Elements o r  compounds present i n  the lunar sample may 
a l t e r  the composition o f  the solutions. 
3. Extracts o f  the lunar sample shal l  be prepared. 
(1) Suggested procedure f o r  sample extract ion:  
1 gram sample i n  10 m l  or  9 m l  H 0 2 
Sequential ex t ract ion 
Cold water 
Hot 
A1 kal  i ne 
Acid 
Organ i c sol vent 
50% Methanol 
Methanol 
Methanol-chloroform 
Chloroform-ether, etc. 
Filtrates shal l  be obtained by passage through a graded 
series o f  f i 1 te rs  (i .e., ~i 11 ipore). 
2. Water 
a. Fresh water 
Pyrex-glass-dist i l led water shal l  be used unless spec i f i ca l l y  noted. 
'* b. Sal t  water 
(1) Normal sea water may be used 
(2) Comnercial preparations are avai lab le  
Sea sal ts:  
(a) Instant Ocean 
(b) R i l a  Marine Mix 
U t i l i t y  Chemical Company 
Paterson, New Jersey 
3. Physiological sal ine 
The composition o f  approximately 100 physiological salines f o r  
invertebrates and vertebrates are given i n  the f o l  lowing reference. The 
salines are f o r  use w i th  moll uscs, crustacea, insects, annel ids, f i sh ,  
amphibia, rept i les ,  and mammals. 
A.P.M. Lockwood. "Ringer" solut ions and some notes on the physiological 
basis o f  t he i r  i on ic  composition. Comp. Biochem. Physiol., 1961, Vol. 2, 
pp. 241-289, Pergamon Press Ltd., London. 
4. Nutr ient solut ions and media 
Soluticns and media referred t o  are l i s t e d  i n  the indiv idual  protocols, 
t he i r  references, o r  i n  the Appendix. 
ANIMAL 'CHALLENGE 
GENERAL STATEMENT 
Animals shal l  be exposed t o  the lunar sample, using the procedures 
described i n  the fo l lowing pages. 
1. I n  a l l  instances, whether spec i f i ca l l y  c i t ed  or  not, the f i r s t  
assessment w i l l  be t o  determine i f  there are any changes i n  the 
general condi t ion o f  the organism, a lack o f  wel l  being, o r  death. 
If such an a l t e r a t i o n  occurs, then the cause must be deten ined.  
The change can be due to: 
a. Natural causes not re lated t o  sample exposure. 
b. A chemical react ion t o  the sample. 
c. Diseased s ta te  caused by a rep l i ca t ing  organism w i t h i n  the 
sample. 
2. If such a gross change does not occur, then the assessment sha l l  be 
made, according t o  the spec i f i c  procedure given, t o  determine what 
subt le e f fec t ,  i f  any, the lunar sample has on the normal b io logy of 
the organism i n  question. 
3. I n  a l l  tes ts  the experimentals sha l l  be compared t o  the controls. 
GENERAL INSTRUCTIONS 
1. Personnel f a m i l i a r  w i th ,  and t ra ined In,  the maintenance o f  non-mammalian 
animals s h a l l  be used as attendants, i n  a d d i t i o n  t o  those f o r  mammalian 
and inver tebra te  care. 
2. Attendants s h a l l  be i ns t ruc ted  i n  the handl ing o f  i n f e c t i o u s  mater ia ls .  
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3. A l l  animals and ma te r ia l s  sha.11 be t reated as i n fec t i ous .  
4. Animals s h a l l  be he ld  and observed f o r  signs o f  disease. The length o f  
time s h a l l  be dependent on the longev i ty  o f  the s p e c i f i c  species. 
5. Animals selected s h a l l  be hea l thy  and f ree  o f  obvious anatomical anomalies. 
6 .  Animals s h a l l  be kept i n  an environment as c lose t o  the  .natura l  one as 
possible; temperature s h a l l  be regulated when necessary. 
7. The con t ro l  animals s h a l l  be he ld  i n  the same volume as the experimentals; 
i.e., water i n  aquaria, "cage" space. 
8. When experimental animals are exposed t o  a small volume o f  water conta in ing  
the lunar sample, as in  f i n g e r  bowls o r  beakers, s t e r i l e  water s h a l l  be used. 
9. Separate f i l t e r i n g  systems s h a l l  be used f o r  aquat ic forms on ly  when d a i l y  
sampling o f  the water i n  the closed systems ind ica tes  an accumulation o f  
metabol ic products o r  saprophyt ic bac te r i a  t o  the ex ten t  t ha t  t h e i r  presence 
would harm the t e s t  animals. 
F i l t e r s  which chemical ly d e t o x i f y  the water o r  reduce the number o f  
p o t e n t i a l  pathogens which may be m u l t i p l y i n g  would a f f e c t  the r e s u l t s  of  
the tests.  
10. Ind iv idua l  species o f  animals s h a l l  be kept i n  separate u n i t s .  
11.  Control  animals sha l l  be kept separate from the t e s t  animals. 
12. Animals once exposed t o  the lunar sample s h a l l  no t  be allowed t o  come i n  
contact w i t h  o ther  species. The lunar  sample may cause an animal t o  
l i b e r a t e  a substance tha t  could poss ib ly  k i l l  another species i f  he ld  
i n  the same chamber. 
13. Feeding schedules cf the con t ro l s  s h a l l  conform t o  those o f  t e s t  organisms. 
14. Control  animais s h a l l  be subjected t o  mock t e s t  procedures such as tagging 
and inocu la t ion .  
I S .  ~ i t o ~ s i e s  sha l l  be performed on a l l  dead o r  s a c r i f i c e d  animals. 
16. Carcasses, t issues, and any ma te r ia l s  der ived from these s h a l l  be sealed 
i n  p l a s t i c  bags, p re fe rab l y  then sealed i n  cans, and f i n a l l y  stored a t  
approximately -70°c f o r  an i n d e f i n i t e  per iod  o f  time. 
17. A l l  mater ia l  sha l l  be s t e r i l i z e d  p r i o r  t o  being disposed o f .  . 
18. S t a t i s t i c a l  methods f o r  small sample groups s h a l l  be appl ied whenever 
appl i cab le .  
TES7 I NG 
---
A l l  species, fo l lowing t he i r  exposure t o  the lunar sample, sha l l  be 
observed (e i ther  macroscop i ca l  l y  or  microscopical l y )  f o r  a per iod o f  time. 
A l e tha l  t o x i c i t y  o f  the lunar sample w i l l  be immediately obvious. I n  
such an event, the species sha l l  be exposed t o  graded doses o f  the lunar 
sample t o  determine the LD or  some s im i la r  c r i t e r i o n  o f  t o x i c i t y .  
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While the major tes t ing  f o r  a l l  species sha l l  be simply 
observing the exposed organisms f o r  signs o f  t o x i c i t y  or  pathogenicity, 
more c r i t i c a l  tes ts  have been devised i n  iase the lunar sample i s  not 
imnediately tox ic  but has e i t he r  a subt le or  no ef fec t .  I n  the fo l lowing 
protocol ,  a t ten t ion  has been given t o  the d e t a i l s  o f  such tes ts  which would 
al low f o r  a d e f i n i t e  and, i n  some cases, quan t i ta t i ve  statement f o r  subtle 
ef fects.  
The fo l lowing general tes ts  may be applied t o  more species t o  provide a 
necessary consistency i n  the tes t ing  procedure from one group o f  organisms 
t o  the next: 
1. The e f f ec t  o f  the lunar sample on ox idat ive metabolism 
a. The ra te  o f  0 consumption i n  organisms exposed t o  the lunar 
2 
sample sha l l  be compared w i t h  the ra te  i n  non-exposed controls. 
b. Standard manometric o r  polarographic methods sha l l  be used. 
c. Most species l i s t e d  are aerobic i n  t h e i r  metabolism; however, 
many invertebrates are f acu l t a t i ve  anaerobes, and low endogenous 
rates o f  metabolism, as monitored by 0 consumption, may be 2 
expected. 
d .  Many substrates which st imulate oxidat ive metabolism i n  vertebrate 
t lssues ere without 2ffe.A i n  invertebrates. To detarnine 
the e f f ec t  o f  the lunar sample on ox idat ive metabolism i n  the 
presence o f  substrate requires that  a metabolizable substrate 
be chosen. This may be determined empi r ica l ly  or, i n  most 
cases, may be obtained from the l i t e r a t u r e  f o r  a given species 
or t i ssue. 
The e f f ec t  o f  the lunar sample on reproductive capacity 
a. The e f f ec t  o f  the lunar sample on the ra te  o f  reproduction 
. 
I n  those species ac tua l l y  cul tured i n  the laboratory, i.e., 
protozoans and some nematodes, sha l l  be determined by the 
ra te  o f  increase i n  c e l l  o r  indiv idual  number, pro te in /  
nucle ic acid content o f  population, o r  dry  weight. 
b. The e f f ec t  o f  the lunar sample on the reproductive capacity 
and development of more advanced species sha l l  be determined 
by exposure o f  the adults. 
c. This sha l l  be followed by observations on t h e i r  a b i l i t y  t o  
produce v iab le  eggs which undergo normal subsequent development 
through the various stages o f  the l i f e  cycle o f  the species o f  
the adults. 
The e f f ec t  o f  the lunar sample on catabol ic  a c t i v i t i e s  
Catabolic a c t i v i t y  i s  best monitored by ni t rogen balance studies. 
The e f f ec t  o f  the lunar sample on the normal n i t rogen excret ion o f  a 
species can be conveniently determined by standard methods. 
ASSESSMENT OF THE EFFECT CF EXPOSURE TO SAMPLE MATERIALS 
(Comparisons s h a l l  be made w i t h  con t ro l  animals and pub1 i shed values) 
1. Surv iva l  r a t e  
2. Observations o f  behavior, increases o r  decreased a c t i v i t y ,  unusual physiolog- 
i c a l  signs. 
3. Body weight ga in  o r  loss  a t  end o f  experiment, o r  a t  autopsy on dead o r  
s a c r i f i c e d  animals. Also organ weights. 
4. Examination of appropriate t i ssue  sect ions on dead o r  s a c r i f i c e d  animals. 
Use o f  general s t a i n i n g  react ions f o r  sect ions o f  t i ssues  o f  major organs: 
1 i ve r ,  i n tes t i ne ,  hear t ,  lungs, spleen, kidney, b ra in ,  pancreas ( d i f f i c u l t  
t o  f i n d  i n  some animals). 
5. Enzymatic assays on appropr iate organs o r  t issues.  Several t y p i c a l  and 
widely  occur r ing  enzymes s h a l l  be assayed. Examples: glutamate dehydrogenase 
(EC 1.4.1 -2);  glutamate-oxaloacet ic transaminase (EC 2.6.1 . ) ;  and l a c t i c  
dehydrogenase (EC 1.1.1.27). Methods are r e a d i l y  ava i l ab le  f o r  determinat ion 
o f  these enzymes. Probably a l l  occur i n  the l i v e r  o f  a l l  ver tebrates.  
6 .  Oxygen consumpt ion o f  appropr iate organs ( s l  ices) o f  animals s a c r i f i c e d  
a t  var ious i n t e r v a l s  dur ing  the t e s t  per iod.  
7. Blood chemistry: Ce l l  count; concentrat ion o f  var ious inorganic ions and 
organic components o f  serum o r  plasma; hemoglobin content o f  whole blood 
of the ver tebrates (exclude lower chordates) ; f reez ing  p o i n t  depression o f  
blood ( f o r  determinat ion o f  osmolari t y  o f  blood). Th is  t e s t  s h a l l  be 
performed on ly  i f  the appearance o r  behavior o f  thz animals i s  abnormal. 
Repeated handl ing o f  sclrne forms, such as f i s h ,  may by i t s e l f  cause serious 
damage. 
8. Nitrogen analysis  o f  ur ine  and/or feces where possible .  
9 .  Rate o f  c e l l  d i v i s i o n  o f  rap id ly  d iv id ing  c e l l s .  
10. Examination o f  embryonic or  l a r v a l  stages i n  appropriate experiments. 
1 1 .  V i a b i l i t y  o f  sperm; a b i l i t y  t o  f e r t i l i z e  eggs of gravid females. 
H l STOLOGY 
1. Standard h i s t o l o g i ~ a l  techniques sha l l  be employed i n  the prepara t ion  o f  
animal t issue.  Some modi f i ca t ions  may be necessary w i t h  c e r t a i n  species. 
a General b i o l o g ~ c a i  f i x a t i v e s  s h a l l  be used. 
( 1 )  Alcohol-formal in-acet i c  acid. 
AFA i s  a f a s t  procedure tha t  requ i res  minimal washing. 
(2) Bouin's f l u i d  
Requires prolonged r i ns ing .  
(3) Zenkerls 
Requires prolonged r i ns ing .  
b. Standard embedding and sect ioning procedures sha l l  be used. 
(1 )  Dehydration. 
(2) Pa ra f f i n  embedding . 
(3) F i ve  micron sect ions s h a l l  be made. 
c. Standard s ta ins  s h a l l  be used. 
Heidenhein's hem?toxylin. 
2. Both l i g h t  and e lec t ron  microscopes sha l l  be used. 
"I nfected" and/or d i seased t i ssue 
Tissue Bre i  
(homogena te) 
At O°C 
( i n  crushed ice) 
- 
/' 
" C ~ n t r d ~ ~  Chal lengekk 
\ 
D i r e c t  i n j e c t i o n  v i a  convenient 
Homogenize (Ten B r o e c k  o r  Dounce homogenizers; 
s t e r i l e  a l l  g lass o r  Tef lon) 
i n  9 vo l s  (9 m l / l  g t issue)  
S t e r i l e  0.154 M KC1 
( t o  estimate s ize  o f  route -into 'Experimentals 
in fec t ious  aaent) 
cent r i f ugez ... M i l l i p o r e  F i l t r a t i o n  
105,000 xg 
i 
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/ \ 
*I f l u i d  I 
Resuspend 
equal vol  
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I Suspended 
res i due 
I 
In jec t i on  v i a  
conven i en t 
route 
I 
F i l t e r s  I 
v i a  convenient route 
I I 2A 2 B 2C 
Control I A  Control I B  Contro ls  
Beckman Spinca Model L o r  L-2 Preparat ive Centr i fuge 
*k W i l l  a l low an estimate - f  s ize  of " i n fec t i ous  agent" 
U 
C 
U  
*. 
0 
f 
Q 
0 
I 
Y 
L 
cn . 
.- 
C SI 
C 
L m 
I 
E 
CV 
- 
3 
- 
3 
Q U  
c  
.- n 
ul C 
Q) 
U 
Q 
m V) 
C m 
n 
C 
u. 
u  
r 
I 
9) 
0 ul 
m 7 
u ul 
P) ul 0)  
In Q) n U  
Q) Q) - 
C C C 
0 m 
y. 
- 
I 
Q) In 
u 
m Q) u 
n 01 - 
3 C 
U 0)  .. 
- 5 e u - C 
a m m 
u .c u 
. C 0 m 
ul a c 
2d U  > L 
Q) >- L 0) 
r m g e - ,  0 a 
a r c  ul 
" 0 . 8  0 
L-c--0-9) L 
0 - - u l  u 
'I- 
Q) C, C 
0 C, c  - 
Ln m m 
pr\ - - u 
u  2 Q C Q) 
C - u  V) 
m C 
m 2 
0 
- 
Q 
~n 
(Y 
U 
z 
.- 
e 
m 
m c 
m 
. 
ul 
>. 
C u 
- m 
E, 
- 
m Q) C U  
.- 
a 10 
Q) Q) 
n DC m P 
2 C Q) 0 
Q) 7 ce 
(O C 
m 
0 
C 
m .c V) 
u L 
u  0)  
C z n m 
m 
>- 0 
5 
c 
- c 
C 0 0) 
m u 
u Q) F 
- V) m 
n - 
Q) 2 0)  ce 
Q) V) - 
m 
- cv 
Q) i 
U 
(P 
n 
3 U  $ 
c 
-. i 
L 
-O k - 
ul 0, 
Y m 
C 
m u 
ul U  
Q U  L 
'- Y 
c  X 
m 0)  
PC gz 
- ul 
Y 
2 i 
u 
Q ) +  0 
L - 
Y O  L 
r 
,,,... -. ... I,--...-- --.Cr--gr 
cu. c 
so W 
a- 
o r  Q) 
--u 
U  0 -  
Q L -  
m m ~
L 
Q 
m 
E a 
0 Cr 
- u r n -  
>- (0 
z Q) 
Q >. 
9) 
u 
Q 
- 
- 
o U  
>- 
- 
u  cn
- 0 
3- 
- T 
L L  C 
Q) 
m T 
m 0 
-." u m -  
n 
>- >- 
L 0 
I- V) 
u  
0 L 
-0  m- 
- m 
m a  
0 L 
2 m 
- n o -  
n a 
h 
c  E  
.2 E 
ul 
a >. 
rc * 
C 
.- u 
.- 
- ul 
L m 
m .c 
Q) P 
I .- 
I a 
C- 
.- L 
- a m L  
L m 
m  m 
>. CV - 
u - 
C m 
Q u U U  
C 
- 
U Q) a*- 
m , c , c  Q 
c - - 0  
L (O E U  
Q) u ctrul 
a m  x o  
a w I 
cn U  
- 
r 
* 
- 
- 
m 
r u  u u  
C 0) Q).- 
0)  c  C P  
E .- .- 0 
.- a E U  
- u - U - m  m 
0, v, X O  
V) u L. U  
INVERTEBRATE CHALLENGE 
Because o f  the d i v e r s i t y  and number o f  the invertebrates, i t  would be 
impractical t o  assess the e f fec ts  o f  the lunar sample on representatives o f  
each major group. 
Both f r ee - l i v i ng  and p a r a s i t i c  forms have been included i n  the tes t ing  
procedures. Since most p a r a s i t i c  animals, p a r t i c u l a r l y  p a r a s i t i c  helminths, 
have qu i te  complicated l i f e  h is tor ies ,  frequently involv ing several inverte- 
bra te  o r  vertebrate hosts, those specie: which can be maintained i n  rout i3e 
cu l tu re  wi++out elaborate f a c i l i t i e s  o r  apparatus have been selected. 
1. Assessment 
Various c r i t e r i a  which have been used t o  evaluate success o f  in 
v i t r o  c u l t i v a t i o n  attempts can a lso be used as indices against which t o  
-
measure changes produced by exposure t o  the lunar sample. Such c r i t e r i a  
may be categorized as fol lows: 
a. Observational, macroscopic 
(1) Mo t i l  i t y  and react ion t o  st imul i 
- (2) Changes i n  external morphology 
(3) l ncrease i n  s ize 
b. Observational, microscopic 
( I )  M o t i l i t y  and react ion t o  s t imu l i  
(2) Changes i n  external and in terna l  morphology 
(3) Increase i n  c e l l  s ize and c e l l  number 
(4) Organogeny, gametogenesi s, increase i n  m i  t o t  i c  a c t i v i t y  
c. Physiological 
(1) Gas exchanges 
(2) U t i  1 i za t ion  o f  substrates 
(3)  Chemical c r i t e r i a  o f  growth o f  ind iv idua ls  o r  populations (mass, 
p ro te i n  nitrogen) 
_ --_ _ _ . . -... ... . . . . . .  . , .. ., ...; ..- .-,..-.. w r v " , - A  - - . 7 -? .- p 
d. Special 
(1) Oviposi t ion (worms) 
(2) Encystment (protozoans) 
(3) l n f ec t i v i  t y  
(4) Changes I n  v i ru lence 
(5) Mutagenes i s 
2. Sources 
~ e i s o n s  given as smrces for  species o f  protozoans (and other forms), 
whi le not normally commercial suppl iers, have, however, agreed t o  supply 
interested invest igators and laboratories. See: J. Pro tozw l  . 5: 1, 1958, 
f o r  complete l i s t i n g  of species avai lable and t h e i r  sources and cu l tu re  
requirements. 
VERTEBRATE CHALLENGE 
I. The ver tebrates inc lude the homeotherms, considered the most h i g h l y  
organized and d e l i c a t e l y  balanced group o f  animals. These might prove 
t o  be more suscept ib le t o  de le ter ious  agents i n  the lunar sample than 
the p o i k i  iotherms. 
2. A 30-day quarant ine per iod  may be inadequate t o  conclude much more than 
whether the animal l i v e s  o r  d ies  because o f  the longer reproduct ive and 
l i f e  cycles. 
3. Growing animals should be weighed d a i l y  so t h a t  growth curves, i n  addi- 
t i o n  t o  gross weight changes, can be studied. However, w i t h  f i s h  such 
measurements should be taken on l y  when essent ia l  i n  order  t o  e l im ina te  
unnecessary handl ing. 
4. Condit ions o f  s t ress  should be imposed on a ser ies  o f  the animals dur ing  
the t e s t i n g  period. Th is  i s  recommended i n  add i t i on  t o  normal maintenance. 
Temperature extremes and crowding might render the animals more suscept ib le 
t o  pathogenic agents. 
PHYLUM PROTOZOA 
CLASS FLAGELLATA (MAST I GOPHORA) 
ORDER EUGLENOIDINA 
Euglena g r a c i l i s  var.  b a c i l l a r i s  
1. Maintenance 
a. Cul ture 
(1)  Sodium acetate 0.1 gm 
(2) Beef e x t r a c t  (Di fco)  0.1 gm 
(3) Tryp tone (D i f  co) 0.2 gm 
(4) Yeast e x t r a c t  (Di fco)  0.001 gm 
(5) CaC12 0.001 gm 
(6) D i s t i l l e d  water 100 m l  
Regular c u l t u r e  tubes ( t e s t  tubes) s h a l l  be used. 
b. Temperature 
Incubate a t  18-26'~. 
c. L i g h t i n g  
Moderate i l l u m i n a t i o n  i s  requi red f o r  l ight -grown organisms; 
darkness i s  requi red f o r  dark-grown organisms. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the l i q u i d  cu l tu re .  
b. I n  case of undue t u r b i d i t y ,  ex t rac ts  o f  the lunar sample may be requi red.  
These s h a l l  include hot-water ex t rac ts  and organic solvent ex t rac ts ,  
depending upon the nature o f  the lunar sample. 
c .  Graded doses of the lunar sample sha l l  be used: 1 gram (or  equivalent  
amount o f  e x t r a c t ) / l  i t e r ,  10 gram/l i t e r ,  e t c .  
3. Assessment 
a. The abi 1 i ty of dark-grown organisms to re-synthes ize chlorophyll 
following their exposure to the lunar sample shall be studied. 
Light-grown Euglena contain chloro?hyll and are nutritionally 
phototrophic. When dark-grown, there is a loss of the chlorophyll, 
and they become heie r ot roph i c. 
Dark-grown organisms re-synthesize chlorophyll when returned 
to the light. This change is thus freely reversible in normal 
individuals. Normal values are descrjbed in the reference. 
b. The phototrophic response of exposed organisms t c  local i zed 
illumination shall be studied by macrossopic observation of the 
culture. This test is based on t h e  normal positive phototrophic 
reaction of light-grown cultures. 
c. The effect of the lunar sample on flagella shall be observed 
microscopica1ly. A disruption of the normal flagellar movement 
may be indicative of toxicity of the sample. 
4. Reference 
p. 348 of plant protocol 
J. J. Wolken, A. D. Mellon and C. L.  Greenblatt. J .  Protozool, 2, 89, 1955. 
5. Source 
Culture Collection of Algae, Department of Botany, Indiana University, 
Bloomington, Indiana. 
CLASS FLAGELLATA (MAST I GOPHORA) 
ORDER DINOFLAGELLATA 
Gonyaulax polyedra 
Representative o f  a group of organisms associated w i t h  the "red t ide"  
phenomenon; of commercial importance i n  the f i s h e r i e s  industry .  
1. Maintenance 
a. Cul ture 
KN03 0.020 gm 
K2HP04 0.0035 gm 
Fe-C 1 0.00013 gm 
MnC 1 0.001 gm 
S o i l  e x t r a c t  2.0 ml 
G l a s s - d i s t i l l e d  water 23.0 m l  
Sea-water t o  100.0 m l  
PH 8.2 
Autoclave 15 min. a t  15 l b .  pressure 
b. Preparat ion of s o i l  ex t rac t :  
One kg calcareous garden s o i l  o r  p o t t i n g  s o i l  s h a l l  be added t o  1 
l i t e r  g l a s s - d i s t i l l e d  water; steamed fo r  1 hour; f l u i d  f i1tered;decanted; 
and s t e r i l i z e d  a f te r  2-3 days. 
c. Temperature 
l ncubate a t  20°c. 
d. L i g h t i n g  
200 f o o t  candles i l l u m i n a t i o n  s h a l l  be used f o r  12 hours o f  each 24. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the l i q u i d  cu l tu re .  
b. I n  case of undue t u r b i d i  ty, e x t r a c t s  of the lunar  sample may be required. . 
These sha l l  include hot-water e x t r a c t s  and organic solvent ex t rac ts ,  
depending upon the nature o f  the 1 unar sample. 
c. Graded doses o f  the lunar sample sha l l  be used: 1 gram (o r  equivalent  
amount o f  e x t r a c t ) / l  i te r ,  10 grams/li t e r ,  e t c .  
3. Assessment 
The bioiuminescence o f  Gonyaulax s h a l l  be studied. 
Gonyaulax, i n  laboratory cu l tu re ,  shows a d iu rna l  rhythm o f  luminescence 
which may be monitored w i t h  a pho tomu l t i p l i e r  photometer sens i t i ve  t o  
i n t e n s i t i e s  as low as lo-* microwatts/cm2. 
Because t h i s  d iu rna l  rhythm i s  i n d i c a t i v e  o f  the normal b io logy  o f  t h i s  
orga-~ism, t e s t i n g  sha l l  invo lve  a study o f  t h i s  rhythm i n  exposed cu l tu res  
and non-exposed con t ro l  cu l tu res .  
Normal values and d e t a i l e d  cond i t ions  are given i n  the reference. 
4. Reference 
Sweeney, B.M. and J.W. Hastings, J. C e l l .  Comp. Physiol  . 49, 115, 1957. 
5 .  Source 
.Dr.  B.M. Sweeney, Scripps I n s t i t u t i o n  o f  Oceanography, La J o l l a ,  C a l i f o r n i a .  
C L A S ~  WAGELLATA '(MAST I GOPHORA) 
ORDER PROTOMONADIDA 
Trypanosoma (Sch i zot  ropanum) cruz i 
A pa ras i te  o f  man and o ther  animals. 
1. Maintenance 
a. Cu l tu re  media 
(1) O f f u t t ' s  medium (preferred)  
(a) Ma te r i a l s  
. Bactc blood-agar base, dehydrated. 
Rabbit blood, s t e r i l e ,  de f i b r i na ted  
Lockets so lu t ion ,  s t e r i l e .  
(b) Stock prepara t ion  
Prepare t iacts blood-agar base as d i rec ted  by manufacturer. 
Dispense and s t e r i l i z e  i n  f l a s k s  i n  200 m l  amounts. 
Stock can be stored f o r  several months under r e f r i g e r a t i o n .  
(c) For use 
Me1 t one f l a s k  o f  stock and cool t o  45-50'~. 
Add a s e p t i c a l l y  10-20 m l  f resh, s t e r i l e ,  d e f r i b r i n a t e d  blood. 
Tube (screw-cap pre fer red)  i n  4-5 m l  amounts and s l a n t  
(shor t  s lan t ,  deep b u t t  p re fer red) .  
Add 0.5-1 ml s t e r i l e  Locke's s o l u t i o n  and t e s t  f o r  s t e r i l i t y  
a t  37 '~  f o r  24 hours. 
A f t e r  inocu la t ion ,  use scrcw-caps o r  rubber stoppers t o  
impede evaporation. 
(2) NNN Medium (a1 ternate) 
(a) Mater i a1 s 
Bacto-agar 
NaC 1 
D i s t i  1 l ed  water 
Rabbit blood, s t e r i l e ,  de f i b r i na ted  
N NaOH s o l u t i o n  
- 
(b) Stock prepara t ion  
I n  a f l a s k  d i sso l ve  the Bacto-agar and NaCl i n  the d i s t i l l e d  
water by heat ing. 
Neut ra l i ze  w i t h  4 NaOH, dispense i n  f l a s k s  i n  150 m l  amounts, 
and s t e r i l i z e  a t  12 lbs .  pressure f o r  30 minutes. 
Stock can be stored f o r  several m ~ n t h s  under r e f r i g e r a t i o n .  
(c) For use 
Mel t  one f l a s k  o f  stock, then cool i t  t o  50-55'~. 
Using s t e r i l e  technique, add 10 m l  de f i b r i na ted  blood and 
mix thoroughly. 
Add t o  tubes i n  5 m l  amounts, and s l a n t  t o  produce a long s l a n t .  
When s lan ts  are s o l i d i f i e d ,  p a r a f f i n  the cottcr? plugs,and 
r e f r i g e r a t e  f o r  12 hours. 
Test f o r  s t e r i l i t y  a t  3 7 ' ~  f o r  24 hours before use. 
A 
b. Temperature 
Cul tures s h a l l  be maintained a t  22-25'~. 
c. I l l u m i n a t i o n  
No specia l  cond i t ions  are required. 
2. Exposure 
a.  The lunar  sample s h a l l  be added t o  the l i q u i d  cu l tu re .  
b. I n  case o f  undue t u r b i d i t y ,  e x t r a c t s  o f  the lunar sample may be required. 
These sha l l  include hot-water e x t r a c t s  and organic solvent ex t rac ts ,  
depending upon the nature o f  the lunar  sample. 
c. Graded doses o f  the lunar sample s h a l l  be used: 1 gram (or  equivalent  
amount o f  e x t r a c t ) / l  i t e r ,  10 grams/l i t e r ,  e t c .  
3. Assessment 
a. Macroscopic and microscopic observat ions s h a l l  be lnade o f  populat ion 
growth and morphology. 
b. Assay f o r  v i ru lence.  
4. References 
Novy, F.G. and W.J. McNeal. J. I n fec t i ous  Diseases, 1, 1-30, 1904. 
N ico l l e ,  C. B u l l .  Soc. Pathol.  Exot. 1 ,  121, 1908. 
Of fut t ,  E.P. L .  Parasi to1 ., 32 Suppl., 1, 1946. 
Silverman, P.H. Advances i n  Parasi to logy,  3, 159-222, Academic Press, 
New York, 1965. 
5. Source 
Dr. W i l l i am Balamuth, Department o f  Zoology, U n i v e r s i t y  o f  C a l i f o r n i a  
Berkeley, Ca l i f o rn ia .  
CLASS FLAGELLATA (MAST I GOPHORA) 
ORDER TRICHOMONADIDA 
T r i c h m n a s  vaqinal is ,  s t r a i n  TVC 
1. Culture media 
a. Honigberg's medium (preferred) 
F l u i d  t h i o g l y c o l l a t e  w i t h  5% normal horse serurb. 
b. Johnson-Trussel 1 Medium (a1 ternate) 
Ref. : Johnson, G.,and R. E. Trussel 1. Proc. Soc. Expt l  . B io l .  Med 
54, 245-249, 1943. 
Bac to-pep tone 32 gm 
Bacto-agar 1.6 gm 
Cystein HCl 2.4 gm 
Hal tose 1.6 gm 
D i f co  1 i ve r  inf l ts ion 320 m l  
Ringer 's s o l u t ~ o n  960 ml 
N NaOH 
- 11-13 m l  
2. Exposure 
In t roduct ion  i n t o  f l u i d  medium i n  appropriate form as f o r  Euq,ena 
9rac.i 1 is .  
3. Assessment 
a. Observational 
Mc:roscopic and microscopic observations sha l l  be made c f  popu- 
l a t i o n  growth and morphology. 
b. Assay o f  v i ru lence 
Di f ferences i n  pathogenic i ty  of axenic c u l t ~ ~ r e s  o f  Trichomonas vaq ina l i s  
sha l l  be evaluated , ~ a n t i t a t i v e l y  by comparison o f  the mean volumes o f  5-6 
dnd 12-14 day lesions produced i n  C57 91/6 mice by subcutaneous f l a n k  inoc- 
u l  a t i o n  o f  7.5-9.0 x 105 par:..ites i n  0.5 m l  medium. 
CLASS RHI  ZOPODA (SARCOD I NA) 
ORDER LOBOSA 
Amoeba proteus 
-- 
1. Maintenance 
8. Culture 
Place 1 inch o f  the fo l l ow ing  medium i n  a f inger  bowl. Add 4 bo i l ed  
wheat gra ins  and the c i  1 i a tes  Colpidium and/or Paramecium (see c u l t u r e  
o f  c i  1 ia tes) .  Transfer monthly. 
NaC 1 0.080 gm 
CaC 1 2 0.004 gm 
Glass-dist.  H20 t o  make 1000.0 m l  
PH 7.0-7.4 
b. No special  temperature o r  l i g h t i n g  condi t ions are required. 
2. Exposure 
a. .The lunar sample sha!l be added t o  the l i q u i d  cu l tu re .  
b. I n  case o f  undue t u r b i d i t y ,  ex t rac ts  o f  the lunar sample may be required. 
These sha l l  include hot-water ex t rac ts ,  ard organic solvent ex t rac ts ,  
depending upon the nature o f  the lunar sampie. 
c. Graded doses o f  the lunar sample sha l l  be used: 1 gram (or  equivalent 
amount o f  e x t r a c t ) / l  i te r ,  10 grams/l i t e r ,  e t ~ .  
3. Assessment 
The t e s t  on the amoebae exposed t o  the lunar sample sha l l  be s t r i c t l y  
an observat ional one. This sha i l  be performed by personnel f a m i l i a r  w i t h  
the normal behavior o f  the amoebae, espec ia l l y  the normal format ion o f  
pseudopodia and movement due t o  anaoeboid ac t ion  and protoplasmic streaming. 
. Normal amoebae, when undisturbed, are ra ther  ac t i ve  and are character- 
ized by numerous food vacuoles conta in ing the c i l i a t e s  upon which they have 
fed  by phagocytosis. Under adverse condit ions, they round up and no pseudo- 
podia are formed. 
An immediate rounding up of the aioebae upon exposure t o  the lunar 
sample and t h e i r  subsequent f a i l u r e  t o  re tu rn  t o  normal a c t i v i t y  a f t e r  a 
few hours may be i n d i c a t i v e  o f  t o x i c i t y  of the lunar sample. 
References 
Al len,  R. D. The Ce l l  (Ed. by J. Brachet and A. E. ~ i r s k y ) ,  11, 135- 
216, Academic Press, New York, 1961. 
Kudo, R. R. Protozoology, 5 t h  Ed., Charles C.  Thomas, Spr ing f i e ld  
I 1  1 ino is ,  1966. 
5. Source 
General B io log i ca l  Supply House ( ~ u r t o x )  , 8200 South Hoyne Ave., 
Chicago, I l l i n o i s  60620. 
CLASS RH I ZOPODA (SARCOD I NA) 
ORDER LOBOSA 
Entamoeba invadens, s t r a i n  IP 
A hardy p a r a s i t i c  form. 
Pathogenic i n  r e p t i l e s .  
1. Maintenance 
a. Cu l tu re  medium 
(1) Balamuth's Diphasic Medi urn (BDM) 
Preparatio.3: Boi 1 2 gm Wilson 1 i v e r  concentrate i n  80 m l  
d i s t i l l e d  water and f i l t e r .  ddd 6.4 nl o f  a - ~ / 4  so lu t i on  o f  Na3P04 . 
12 m l  H20, and 7.6 m l  - M potassium phosphate b u f f e r  (4.7 pa r t s  K2HP04: 
0.3 p t .  K H ~ P O ~ ) .  B r ing  the volume t o  100 m l  i n  a volumetr ic  f l ask ,  
t ransfer  t o  a beakeraand add 3 gm Bacto-agar. Heat gent ly  u n t i l  
agar dissolves, then autoclave a t  15 l b s  f o r  20 minutes (pH should 
be ca. 7.2). Tube as 3 m l  s lants.  Overlay with double-strength egg 
y o l k  (Balamuth and Sandza. 1944) f o r t i f i e d  w i t h  5% horse serum. 
(2) Balamuth's Non-nutr ient Sa l t  So lu t ion  (BNS) 
NaC 1 6.0 gm/l 
CaC 1 0.2 gm/l 
MgS04 . 7 Hz0 0.8 gm/l 
K2HPO4 (i) Adjust r a t i o  t o  g ive  10 m l  a t  pH 7.2 ( f i n a l  conc. = 0.01 fi) 
C02 gas from cy l inder :  Add s lowly wh i le  shaking (100-150 m l )  
u n t i l  ppt .  disappears. 
Na t h i o g l y c o l l a t e  ( f resh  M so lu t ion)  10 m l / l  ( f i n a l  conc. = 
0.01 fi) 
Petrolatum seal 
F ina l  pH - ca. 7.0 
So lu t ion  i s  f i l t e r  s t e r i l i z e d .  Th iog l yco l l a te  i s  added j u s t  
before use. 
b. Temperature 
(1) No incubat ion i s  necessary f o r  the t rophozoi te stage. 
(2) 3 0 ' ~  i s  requi  red f o r  encystment. 
c. L i g h t i n g  
No specia l  cond i t ions  are required. 
2. Exposure 
As f o r  m e b a .  
3. Assessment 
a. Observational, as w i t h  Amoeba. 
b. Encystment 
"We1 l -fed" Entamoeba invadens, when t rans fer red  t o  BNS, incubated f o r  
24 hours a t  30°C, a n d then t rans fer red  t o  BDM, produce 85% cys ts  a f t e r  
72 hours a t  30'~. 
4 An i n i t i a l  inoculum o f  1.5 x 10 organisms produces 1.3 x l o6  a f t e r  
72 hours. 
Di f ferences i n  t o t a l  popu la t ion  and i n  % encystment a f t e r  exposure 
t o  the lunar sample sha l l  be measured by hemocytometer counts. 
4. Reference 
Balamuth, W. I n fec t i ous  Diseases 88, 230-236, 1951. 
Balamuth, W. J. Pa ras i to l .  48, 101-109, 1962. 
5 .  Source 
D r .  W i l l i am Balamuth, Department o f  Zoology, Un ive rs i t y  o f  C a l i f o r n i a ,  
Berkeley, C a l i f o r n i a .  
ORDER LOBOSA 
Entamoeba h i s t o l y t i c a ,  Laredo s t r a i n  
Entomoeba h i s t o l l t i c a ,  DKB, HK-9 o r  NRS s t ra ins .  
1. Maintenance 
a. Cul ture media 
(1) Balamuth's Medium, modi f ied 
Preparat ion: WiLh a blendor, mix the yo lks  o f  f ou r  hard-boi led 
eggs w i t h  125 m l  0.8% NaCl. B o i l  m ix tu re  f o r  10 minutes and replace 
water loss  w i t h  d i s t i l l e d  water. F i l t e r  through Buchner funnel,  
us ing several layers  o f  Whatman #2 paper. Autoclave f i l t r a t e  20 
minutes a t  15 lbs,  r e - f i l t e r .  Add t o  the f i l t r a t e  an equal volume 
o f  - M/15 phosphate bu f fe r ,  pH 7.5. Tube i n  5 m l  amounts, autoclave as 
before, and s to re  under r e f r i g e r a t i o n .  Before in t roduc ing  amoebae, 
add a s t  r i l e  l oop fu l  o f  r i c e  starch. 
(2) Boeck and Drbohlavts Medium 
This i s  a d iphasic  medium w i t h  an egg base and Lockets s o l u t i o n  
over lay.  I t  i s  more d i f f i c u l t  t o  prepare than Balamuth's medium, 
and the reference i s  g iven to prov ide an a l t e r n a t i v e  c u l t u r e  medium. 
I n  us ing e i t h e r  Balamuth's medium o r  Boeck and Drbohlavts medium, 
the medium i s  precondit ioned by i nocu la t i on  w i t h  C los t r id ium per f r inqens 
and incubat ion f o r  24 hours a t  37 '~  p r i o r  t o  a d d i t i o n  o f  amoebae and 
r i c e  starch. 
It i s  noted thb t  Entamoeba h i s t o l y t i c a  i s  a l so  grown i n  monoxenic 
c u l t u r e  w i t h  Trypanosoma c ruz i ,  ra ther  than Clostr id ium. 
Diamond (1961) has been able t o  cu;ture - E. h i s t o l y t i c a  axen ica l l y ;  
h i s  work provides another a l t e r n a t ' v e  medium. 
b. Temperature 
Entamoeba h i s t o l y t i c a ,  Laredo s t r a i n ;  20-2s0c requi red f o r  opt imal 
growth. 
Entomeba h i s t o l y t i c a ,  DKB, HK-9 o r  NRS s t ra ins ;  3 7 ' ~  requi red f o r  
opt imal growth. 
c. L i g h t i n g  
No specia l  l i g h t i n g  cond i t ions  are required. 
2. Exposure e 
a. The lunar sample s h a l l  be added t o  the l i q u i d  cu l tu re .  
b. In  case o f  undue t u r b i d i t y ,  e x t r a c t s  o f  the lunar sample may be required. 
These s h a l l  inc lude hot-water e x t r a c t s  and organic solvent  ex t rac ts ,  
depending upon the nature o f  the lunar sample. 
c. Graded doses o f  the lunar  sample s h a l l  be used: 1 gram (or  equivalent  
amount of e x t r a c t ) / l  i t e r ,  10 gram/l i t e r ,  e t c .  
3. Aszessment 
Observational as recommended f o r  preceding protozoans. 
It i s  noted tha t  Entamoeba h i s t o l y t i c a  has not  been induced t o  encyst 
i n  monobacterial cu l tu res ,  as w i l l  E. invadens 
4. References 
Balamuth, W. and J. W. Sandza. Proc. Soc. Exp t l .  Med. 57, 161, 1944. 
Boeck, W. C. avd J. Drbohlav. Am. J. Hyg. 5, 371-407, 1925. 
Diamond, Scie;. 2 134, 236, 1961. 
5. Source 
D r .  W i l l i am Balamuth, Department o f  Zoology, Un ive rs i t y  o f  Cal i forni 'a,  
Berkeley, C a l i f o r n i a .  
CLASS ClLlkTA 
ORDER HOLOTRICHA 
Paramecium aurel  i a  
1. Maintenance 
a .  Cul ture 
I n  1000 m l  g l a s s - d i s t i l l e d  water add 1.5 gm d r i e d  l e t t uce .  Add 
s l i g h t  excess o f  CaC03. Heat t o  b o i l i n g ,  f i l t e r ,  and tube i n  5-10 
ml amounts i n  Pyrex c u l t u r e  tubes. Autoclave 15 min' l5 lbs .  Cool 
and inoculate w i t h  Aerobacter aeroqenes o r  4. cloacae (ava i l ab le  
from American Type Cu l tu re  Co l l ec t i on ,  Washington, D.C.). Incubate 
a t  room temperature f o r  18 hours. Inoculate b~ t h  Paramecium. 
b . Temperature 
lncubate a t  10-25'~. 
c. L i g h t i n g  
No specia l  cond i t ions  are required. 
2. Exposure 
a. 'The lunar sample s h a l l  be added t o  the l i q u i d  c u l t u r e .  
b. I n  case o f  undue t u r b i d i t y ,  e x t r a c t s  o f  the lunar  sample may be 
requi red.  These s h a l l  include hot-water e x t r a - t s ,  and organic 
solvent  ex t rac ts ,  depending upon the nature o f  the lunar sample. 
c. Graded doses o f  the lunar sample s h a l l  be used: 1 gram ( o r  
equivalent  amount OF e x t r a c t ) / l  i t e r ,  10 gram/l i t e r ,  e t c .  
3. Assessment 
a. Observations s h a l l  be made on the growth r a t e  and morphology. 
b. The abi  1 i t y  o f  the exposed mating types t o  clump and undergo conjugat ion  
sha l l  be determined. Several generations can be fo l lowed a f t e r  the 
exposure o f  the o r i g i n a l  parents. 
When paramecia o f  mating types of  the same v a r i e t y  are mixed, there 
i s  an immediate clumping o f  the organisms fo l lowed by conjugat ion, a 
normal process i n  the l i f e  cyc le  o f  these organisms. 
The generat ion time f o r  the exconjugants i s  r e l a t i v e l y  rap id  which 
a l so  should a l l ow  several generations t o  be fo l lowed a f t e r  exposure 
o f  the o r i g i n a l  parents t o  the lunar  sample. 
This  sha l l  be usefu l  i n  es tab l i sh ing  whether the lunar sample has 
a subt le  e f f e c t  on the genet ic  apparatus tha t  i s  on ly  apparert  a f t e r  
several generat ions. 
4. Reference 
Sonneborn, T. M. J. Exp. 2001. 113, 87, 1950. 
Beale, G. H. The Genetics o f  Paramecium au re l i a ,  Cambridge Un ive rs i t y  
Press, 1954. 
5. Source 
D r .  T. M. Sonneborn, Department o f  Zoology, lndlana Un ive rs i t y  
Bloomington, Indiana. 
CLASS ClLlATA 
Tetrahymena p y r i  formis 
1. Maintenance 
a. Equipment 
Cultures sha l l  be grown i n  t es t  tubes. 
b. Culture 
(1  ) Proteose pep tone 
102% proteose peptone f o r t i f i e d  w i t h  1 i ve r  f r ac t i on  L ( ~ i  lson 
Laboratories, Chicago, I l l i n o i s )  sha l l  be used i n  the fo l lowing 
media: 
a) 2% PP, 2% PP p lus  0.1% L, and 2% PP p lus  0.4% L. 
b) One l i t e r  o f  the f i n a l  medium shal l  contain 10 m l  of each 
o f  the fo l  1 owing stock solut ions : 
1) NO. 1:  10 g HgS04*7H20, 2.5 g F ~ ( N H , + ) ~ ( S O ~ ) ~ - ~ H ~ O ,  
0-05 g M~CI  2 . 4 ~  0 and 0.005 g ZnCl per 1 i t e r  
2 
2) No. 2: 5 g CaC12*2H20, 0 -5  g CsCl22H20 and 0.125 g 
FeCl 9 6 ~  0 per 1 i t e r  3 2 
The PP, L, and sa l t s  shal l  be mixed i n  the required volume o f  
water, dissolved by heatins t o  80°c, f i l t e r e d  and d is t r ibu ted  
t o  the cu l tu re  f lasks. These sha l l  be stoppered w i t h  cotton 
and then autoclaved a t  1.5 atm (-1 12'~) f o r  20 rninutes. 
(2) Cultures sha l l  be held i n  the 5 m l  proteose peptone medium o r  i n  
100 m l  Erlenmeyer f lasks,  as described by Zeuthen (1965). 
c. Temperature 
2. Expasure 
A suspension or  an ext rac t  o f  the lunar sample sha l l  be added t o  the 
med i um . 
3. Assessment 
The ef fec t  o f  the lunar sample on the v i a b i l i t y  o f  the ce l l s ,  t h e i r  
morphology, and growth sha l l  be determined and compared w i th  the controls. 
4. Reference 
J. Protozcalogy 5: 1, (1958). 
Zeuthen, Eric, ed., 1965, Synchrony i n  Cell  D iv is ion and Growth: 
interscience, New York, New York. 
5. Source 
Carol ina Biological  Supply Company 
-- - , , LV P-' ' O M -  H&* *he  w - + . - 
J .ee-Hlkr 
CLASS ClLlATA 
ORDER SPlROTHlCHA 
Blephar i sma undul ans "pink p r o t o ~ o a n ~ ~  
1. Maintenance 
a. Cul ture 
In 1000 m l  g l a s s - d i s t i l l e d  water add 1.5 gm d r i e d  l e t t uce .  Add 
s l i g h t  excess o f  CaC03. Heat t o  b o i l i n g ,  f i l t e r ,  and tube i n  5-10 m l  
amounts i n  Pyrex c u l t u r e  tubes. Autoclave 15 min. 15 lbs.  Cool and 
inoculate w i t h  Aerobacter aetoqenes o r  b. cloacae (ava i l ab le  from 
American Type Cu l tu re  Co l l ec t i on ,  Washington, D.C.). Incubate a t  
room tempera t~ re  f o r  18 hours. Inoculate w i t h  Blephar~sma urdulans 
b. Temperature 
The cu l  t u re  s h a l l  be mai n t a i  ned a t  room temperail - 2 . .  
c. L i g h t i n g  
Moderate i l l u n i i n a t i o n  i s  requi red f o r  l igh t -g rc~wn oraai isms; 
darkness i s  ru,qui r f?d f o r  dark-grown 0rganisir.s. 
2. Exposure 
a. The lunar  sample sha l l  be added to  the l i q u i d  c u l t u r e .  
b. I n  case o f  undue t u r b i d i t y ,  extrac:s if the lunar sample may be 
required. These sha l l  include h o t - w a t ~ r  e x t r a c t s ,  and organic 
solvent  ex t rac ts ,  dependi.19 upon the nature o f  the lunar ,ample. 
c. Graded doses o f  the lunar  sample sha l l  P;., used: 1 gram (or  equivalent  
s~nount o f  e x t r a c t ) / l  i te r ,  10 g r a d 1  l ter ,  e t c .  
3. Assessment 
a. The o l b i l i t y  o f  the protozoans t o  develop pigment i n  the dnrk and to  
loose i t  in' the 1 i g h t  fo l !owing t h e i r  expc:ure t o  the luriar sample 
sha l l  be studied. 
b. Blepharisma i s  the "pink p ro toz~an , '~  the co lor  being due t o  a pigment 
present i n  dark-grown organisms. This pigment i s  photodynamic i n  
action,and dark-grown organisms are consequently k i l l e d  upon exposure 
to  intense i l luminat ion.  
When light-grown, the pigment i s  absent o r  present i n  traces. 
The reversib le development o f  t h i s  pigment i n  the dark and i t s  loss 
i n  the l i g h t  may be taken as a normal pa r t  of the bio logy o f  Blepharisma. 
This i s  an observational tes t  and the d e t a i l s  are given i n  the reference. 
4. Reference 
Giese, A. C. J. Gen. Physiol. 32, 529, 1949. 
5 .  Source 
D r .  H. H i rsh f ie ld ,  Department o f  Biology, New York Univers i ty,  
Washington Square College, New York 3, N. Y. 
CLASS C l L l  ATA 
ORDER TRICHOSTOMATIDA 
Balantidium =, (1) Lom iso late;  (2) Lysenko i so la te  
A large pa ras i t i c  form found i n  the large in tes t ine  o f  man, monkeys, and 
pigs. 
1. Maintenance 
Culture Hedium 
Balantidium c o l i  shalt  be cul tured i n  the same medium used f o r  
i n t es t i na l  amoebae. 
'8alamuthas medium, modified" f o r  Entamoeba h i s t o l y t i ca .  
2. Exposure 
a. The lunar sample sha l l  be added t o  the l i q u i d  cu l tu re  as w i t h  preceding 
protozoans. 
b. Two s t ra ins  of k. c o l i  sha l l  be exposed t o  the sample. 
Assessment 
a. Observations sha l l  be made on the growth ra te  and morphology. 
Par t i cu la r  a t ten t ion  should be devoted t o  any changes i n  the 
character o f  the c i l i a ,  macronucleus, micronucleus, cytopharynx, 
cytopyge, and con t rac t i l e  vacuole. 
b. The ef fect  of the lunar sample on the a b i l i t y  t o  undergo conjugation 
i n  exposed organisms sha l l  be determined. Several generations can be 
followed a f t e r  the exposure o f  the o r i g i n a l  parents. 
4. Reference 
Kudo, R. R. Protozoology, 1966, 5 th  ed., C. C. Thomas, Publishers, 
Spr ingf ie ld,  I l l i n o i s .  
5. Source 
Lom isolate:  
Dr. J. 0. Corliss, Department of  Zoology, University of  I l l i n o : ~ ,  
Urb-na, I l l i n o i s .  
Lysenko isolate: 
Dr. G. H. Ba l l ,  Department o f  Zoology, University o f  Cal i forn ia ,  
Los Angeles, Cal i forn ia .  
COELENTERATA (PHYLUM CNIDARIA AND PHYLUM CTENOPHORA) 
The hydroids, j e l l y  f i sh ,  corals, comb j e l l i e s ,  sea anemones. 
CLASS HYDROZOA 
ORDER HYDROIDA 
Pelmatohydra 01 iqac t i  s (hydra) 
1. Maintenance 
a. Culture and feeding 
(1) Soln. A. Disodium ethylenediaminetetraacetate 10 gm 
NaHC03 20 grrl 
De-ionized water t o  1000 m l  
Soln. B. CaC12 20 gm 
De-ionized water t o  1000 m l  
To each gal. o f  de-ionized water, 20 m l  o f  Soln. A. and 
20 m l  Soln. 8.  are added. 
More spec i f ic  d e t a i l s  f o r  the mass cu l ture  o f  hydra are 
given i n  the reference (Loomis 1959). 
(2) Hydra are fed f resh ly  hatched Artemia. 
A method f o r  hatching Artemia "eggs" i s  given i n  the reference 
(Loomi s and Lenhof f , 1956) . 
(3) Fingerbowls sha l l  be used. 
b. Temperature 
The cul tures sha l l  be kept a t  18-2S°C. 
C. L ight ing 
No special condit ions are required f o r  Pelmatohydra. 
2. Exposure 
a. The lunar sample sha l l  be added to  the l i q u i d  cu l tu re .  
b. I n  case o f  undue t u r b i d i t y ,  e x t r a c t s  o f  the lunar sample may be 
required. These sha l l  inc lude hot-water e x t r a c t s  and organic 
solvent  ex t rac ts ,  depending upon the nature o f  the lunar sample. 
c. Graded doses o f  the lunar sample s h a l l  be used: 1 gram (or  equivalent  
amount of  e x t r a c t ) / l  i te r ,  10 gram/l i t e r ,  e t c .  
d. Hydra may be made t o  ingest  inso lub le  p a r t i c l e s  i n  the lunar  sample 
by adding i t  i n  suspension t o  the cu l tu re .  Reduced g lu ta th ione shal l  then 
be added t o  the c u l  t u r e  water ( f i n a l  concentrat ion  10-3-10-4 M) . 
3. Assessment 
a. Observations s h a l l  be made t o  determine the su rv i va l  and continued 
normal a c t i v i t i e s ,  such as feeding. 
b . "Feed i ng response" 
Observations shal l be made t o  determine i f  a "feeding response" 
i s  e l i c i t e d  i n  organisms f o l l o w i n g  t h e i r  exposure t o  the lunar  sample. 
This  response i s  e l i c i t e d  from normal hydra by the presence of 
reduced g lu ta th ione and apparent ly o ther  substances. 
A hydra, i n  the absence o f  g lu ta th ione o r  f r e s h l y - k i l l e d  food 
(crustaceans), has i t s  mouth closed; and i t s  ten tac les  are outst retched 
and r e l a t i v e l y  motionless. A f t e r  the add i t i on  o f  g lu ta th ione t o  the 
c u l t u r e  water, the ten tac les  wr i t he  and seep inwards towards the mouth. 
The mouth then opens,and ma te r ia l  i n  the c u l t u r e  f l u i d  may be ingested. 
This  reponse normal ly takes place w i t h i n  minutes f o l l o w i n g  the add i t i on  
o f  g lu ta th ione.  
C . Regene r a t  ion 
The a b i l i t y  o f  Pelmatohydra t o  regenerate s u r g i c a l l y  removed 
p a r t s  f o l l o w i n g  t h e i r  exposure t o  the lunar  sample s h a l l  be studied. 
Hydra are noted f o r  t h e i r  regenerat ive capaci ty .  Surg ical  removal 
o f  the ten tac les  and hypostomal reg ion  normal ly r e s u l t s  i n  the format ion 
o f  new tentac les w i t h i n  a few days. 
4. References 
Burnett ,  A.L., R. Davidson and P. Wiernik.  B i o l .  B u l l .  125, 226, 1963. 
Ham, R.G. and R.E. EakTn. J. Exp. Zool. 139, 33, 1958. 
Lenhoff, H.M. and W.F. Loomis (ed i to rs ) .  The Biology o f  Hydra, U. 
o f  Miami Press, Coral Gables,-Flor ida, 1961. 
Lenhoff, H.M. and K.F. Zimmerman. Anat. Rec. 134, 559, 1959. 
Loomis, W.F. Ann. N.Y. Acad. Sci . 62, 209, 1955. 
Loomis, W.F. Ann. N.Y. Acad. Sci. 77, 73, 1959. 
Loomis, W.F. and H.M. Lenhoff .  J. Exp. Zool. 132, 555, 1956. 
Muscat ine, L . and C . Hand. Proc . Nat . Acad . Sc i . U. S. 44, 1259, 1958. 
5.  Source 
Carol ina B io log i ca l  Supply Co., Bur l ington,  North Carol ina and o ther  
b i o l o g i c a l  supply houses. 
Artemia 8ieggs88 are ava i l ab le  from most b i o l o g i c a l  supply companies. 
CtASS ANTHOZOA 
ORDER ACTlNlARlA 
Metridium seni le (Sea anemone) 
1. Maintenance 
a. Culture and feeding 
(1) Sea anemones sha l l  be maintained i n  100% sea water. 
(2) Metridium shal l  be fed f resh ly  batched Artemia although i t  i s  la rge ly  
a flagellary-muscus feeder. 
b. Temperature 
Animals sha l l  be kept a t  15-18'~. 
c. L ight ing 
No special condit ions are required. 
2. Exposure 
They may be tested i n  the same manner as f o r  hydra. 
3. Assessment 
a. The e f f ec t  on the feeding response t o  f resh ly  k i l l e d  food such as 
Artemia sha l l  be observed. 
b. 'The response o f  an anemone tentacle t o  a cot ton swab soaked i n  clam 
j u i c e  sha l l  be studied. Under normal condit ions the anemone w i l l  
discharge nematocysts i n t o  the swab. Certain fac tors  are known t o  
i n h i b i t  t h i s  response. This t es t  would a id  i n  the determination o f  
the chemical t o x i c i t y  o f  the sample. 
c. The a b i l i t y  t o  regenerate a f t e r  exposure sha l l  be determined. . 
4. Source 
Supply Department, Marine Biological  Laboratory, Woods Hole, 
Massachusetts 02543. 
COELENTERATE TISSUE CULTURE 
1. Methods 
A desc r ip t i on  f o r  the i s o l a t i o n  and maintenance o f  coelenterate c e l l  
l i n e s  i n  t i ssue c u l t u r e  i s  given i n  the reference. 
2. Exposure 
a. Cold water, hot  water, and organic e x t r a c t s  o f  the lunar sample s h a l l  
be incorporated i n t o  the t i ssue c u l t u r e  f l u i d  medium. 
b. The t i ssue  c u l t u r e  sha l l  be inoculated w i t h  homogenates o r  f i l t r a t e s  
from prev ious ly  exposed animals. 
3. Assessment 
a. Macroscopic and microscopic observat ions s h a l l  be made t o  determine 
the e f f e c t  o f  the lunar sample a t  the t i ssue l eve l .  
b.  Subsequent passages s h a l l  be made. 
4. Reference 
Phi 11 ips, J.H., 1961, i n  the Biology o f  Hydra (Ed. by H.M. Lenhoff and 
W.F. ~oomis )  pp. 245-251. U. o f  Miami Press, Coral Gables, F l o r i d a .  
PHYLUM PLATY'iELM I NTHES 
The flatworms: p lanar la ,  f lukes, tapeworms 
CLASS TURBELLARIA 
ORDER TR l CLAD l DA 
h u e s  1 a dorotocephal a (planar i a) 
--- 
1. Maintenance 
a. Equipment 
The p lanar ia  sha l l  be kept i n  la rge f i nge r  bowls i n  1-2 inches o f  
water. 
b. Culture and feeding 
(1) Cul ture 
(a) Local tap-water aged 2-3 days, p re fe rab ly  w i t h  constant aerat ion. 
(b) F i l t e r e d  pond water ( f resh water). 
(2) They sha l l  be fed every 2-3 days o r  Qnce weekly on beef 1 i v e r  cut  
i n t o  cubes approximately 1 cm square. 
The animals s h a l l  be allowed t o  feed f o r  sever . hours. The 
remaining 1 i v e r  and organ i c  debr is  sha l l  be removed and the 
organisms placed i n  f resh water. 
2. Exposure 
The lunar sample o r  an ex t rac t  sha l l  be added t o  the i n t i a l  c u l t u r e  
I 
water. 
3. Assessment 
a. The e f f e c t  o f  the lunar sample on the normal morphology, feeding, and 
locomotion o f  the snimal s h a l l  be determined. 
b. Planar ia are we l l  known f o r  t h e i r  a b i l i t y  t o  regenerate and are used 
extensively t o  study t h i s  phenomenon. The a b i l i t y  o f  p lana r ia  t o  
regenerate fo l l ow ing  t h e i r  exposure t o  the lunar sample sha l l  be studied. 
(1) The planar ia sha l l  be starved f o r  approximately one week p r i o r  t o  
surgery. 
(2) They sha l l  be cooled t o  inact iva te  them and the "head" removed by 
cu t t i ng  j u s t  above the mid-body region. 
(3) Care must be taken t o  make the leve l  o f  cu t t i ng  the same i n  the 
exposed and control  lndiv lduals.  
(4) The time f o r  the appearance o f  new eyespots shal i be taken as the 
ra te  o f  regeneration. 
(5) The ra te  o f  regeneration t n the exposed animals sha l l  be compared 
t o  the ra te  i n  c o i t r o l  indiv iduals f o r  a quant i ta t ion o f  the e f f ec t  
o f  the lunar sample. 
4. Reference 
Brdsted, H.V. B io l .  Rev. 30, 65, 1955. 
5. Source 
Carol ina Biological  Supply Co., Burl  ington, North Carol ina, and other 
b i 01 og i ca 1 supp 1 y houses. 
CLAGb CCSTOIDEA 
ORDER CYCLwHYLL I DEA 
Hymenole~k d i m i  nu t a  (tapeworm). 
1. Maintenance 
a. Equipment 
Dubnoff metabolic shaking incubator, 
b. Culture - i n  v i t r o  
(1) Sch i l l e r ' s  diphasic medium. 
The base o f  t h i s  medium i s  NNN blood-agar (vide supra, "NNN 
medium" f o r  Trypanosoma cruz i ) , dispensed i n  10 m l  quan t i t i tes i n 
50 m l  Crlenmeyer flasks. The base i s  over la id w i th  10 m l  Hank's 
balanced s a l t  solut ion, adjusted t o  pH 7.5. Incubations are per- 
formed a t  3 7 ' ~  irr a Dubnoff meta'..Jl i c  shaking incubator under a 
gas mixture o f  9594 N --5% C02. Detai ls  o f  t ransfers are described 2 
in  the reference. 
(2) The cu l ture  method o f  Berntzen requires a constant f low apparatus, 
f o r  t h i s  reason the simple method o f  Sch i l l e r  i s  preferred. 
c. .Tenperatwe 
Hymenolep i s shal l  be incubated a t  37'~. 
2. Exposure 
The lunar sample or an extract  shal l  be added t o  the l i q u i d  phase o f  the 
cu l ture  med i um. 
3. Assessment 
The fo l lowing observations shal l  be made on an exposed pa ras i t i c  form 
cultured i n  v i t r o .  
-- 
a. Morphology 
1. Rate o f  growth 
d. Oogenes i s ; product ion of v iab le  embryos (mot i l e  onchospheres) 
e. I n f e c t i v i t y  o f  embryos when fed t o  Tribolium; recovery % and normal 
morphology o f  cysticercoids. 
4. References 
Berntzen, A.K. J. Parasi to l .  47, 351-355, 1961. 
Berntzen, A.K. J. Parasi to l .  48, 786-697, 1962. 
Schil let-, E.L. J. Parasi to l .  51,516-518, 1965. 
Schi l ler ,  E.L. Exptl. Parasitol.  8, 427, 1959. 
5. Source 
Hymenolepis diminuta: 
D r .  James W. Campbell, Department o f  Biology, Rice U ~ i v e r s i t y ,  
Houston, Texas. 
ASCHELMINTHES (INCLUDING THE NEMATHELMINTHES) 
The r o t i f e r s ,  spiny-headed worms, nematodes 
CLASS ROTIFERA 
ORDER MONOGONTA 
Epiphanes (=Hydat ina) senta o r  other  speci es o f  r o t i f e r s .  
1. Hai ntenance 
a. Cul ture 
F i 1 tered pond water ( f resh  wa,ter) . 
b. Feeding 
These animals are c i l i a r y  feeders. They feed on minute organic 
p a r t i c l e s  tha t  are brought i n t o  the mouth by water cur rents  produced by 
these c i l  i a. 
2. Exposilre 
The lunar sample o r  an e x t r a c t  sha l l  be added t o  the c u l t u r e  water. 
3. Assessment 
The r o t i f e r s  are the "wheel animals." Th is  name r e f e r s  t o  the ac t ion  
o f  the c i l i a  on the t rochal  d isc  which, when i n  motion, g i ve  the appearance 
o f  a r o t a t i n g  wheel. Th is  c i l i a r y  ac t i on  represents the normal feeding 
behavior o f  these organ i sms. 
a. The e f f e c t  o f  the lunar sample on the c i l i a r y  movement s h a l l  be 0bserv.d. 
b. The r a t e  o f  the c i l i a r y  ac t i on  o f  the t rochal  d i s c  i n  organisms exposed 
t o  the lunar sample sha l l  be compared w i t h  t h a t  o f  the cont ro ls .  
4. Reference 
Barnes, R.D. Inver tebrate Zoology, W.B. Saunders Co., Phi ladelphia,  
Brawn, J r . ,  F.A. (editor; selected Invertebrate Types, John W i  ley 
and Sons, N.Y., pp. 221-223, 1950. 
5. Source 
Carolina Biological Supply Company, Burlington, North Carolina, and 
other biological  supply houses. Several species are avai lable.  
CLASF; KEMATODA 
ORDER RHABDITOIDEA 
Rhabd I t i  s  maupas i (nematode) 
1 .  Maintenance 
a. Equipment 
P e t r i  p la tes  
b. Cul ture and feeding 
(1 )  Rhabdi t i s  normally occurs as a  symbiont i n  the earthworm. To 
establ  i s h  a  laboratory cu l tu re ,  place small pieces (5 mm square) 
o f  the body wa l l  o f  an earthworm on a  layer  o f  2% agar i n  covered 
p e t r i  p l a t e s  and inoculate w i t h  a c t i v e  j uven i l es  from the nephr id ia 
o r  seminal vesic les.  
(2) Subcultur ing s h a l l  be done pe r iod i ca l  l y  by t rans fe r r i ng  eggs, 
juven i les ,  and adu l ts  t o  f resh  agar conta in ing f resh  pieces o f  
e i t h e r  earthworm o r  beef. 
c.  Temperature 
The incubation sha l l  be below 22 '~  (18-20% i s  preferable) .  
d. . L igh t i ng  
No special  cond i t ions  are required. 
c. Rhabdi t is  may a lso  be obtained from earthworms prev ious ly  exposed t o  
the lunar sample, as ou t l i ned  i n  the experiments f o r  Lumbricus. 
Exposure 
a. The lunar sample i n  s o l i d  form (ground t o  powder i f  necessary) s h a l l  
be spr ink led  onto the surface o f  the agar cu l tu res .  The sample w i l l  
be ingested by the j uven i l es  and adul ts .  
b. Living eggs shall be teased from the body of a gravid female 
and then placed in a depression slide containing fresh water 
and the lunar sample in sol id or extract form. Some eggs 
shall be reserved for staining. The rest shall be transferred 
to fresh agar plates. 
c. Because the relationship of Rhabditis and the earthworm is a 
symbiotic one, the infected earthworm host shall be exposed 
as outlined in the Lumkicus experiments. 
Assessment 
a. Agar cultures of Rhabditis contain all stages of the life cycle 
of this nematode: the eggs, normally free-living juveniles, 
and male and female adults. It is possible to test the effect 
of the lunar sample on all stages of the life cycle simultaneously. 
The gross effect of the lunar sample on all stages exposed 
shall be observed. 
Viability of the eggs shall be determined by staining and their 
- ability to take up vital dyes; dead eggs stain readily, viable 
ones do not. 
Both adults and juveniles make characteristic nematode 
side-to-side thrashing motions of movement. 
b, The effect of the lunar sample on the ability of eggs to undergo 
development shall be determined. 
The entire sequence of development from pronuclear fusion 
through the 2nd cleavage will normally occur within 2 hrs, 
The exposed eggs shall be transferred to fresh agar plates and 
observed for normal or abnormal development. 
Sex r a t i o s  i n  exposed vs. non-exposed cont ro ls  sha l l  be 
compared. 
c. The e f f e c t  o f  the sample on the  symbiot ic re la t i onsh ip  s h a l l  
be determined by making the  above observations on various 
stages o f  the 1  i f e  cyc le  taken from earthworms exposed t o  
the  lunar mater ia l .  
4. Reference 
Scott ,  A.C. Science 87,; 145, 1938. 
5. Source 
May be iso la ted from l o c a l l y  co l l ec ted  o r  commercially suppl ied 
earthworms . 
To locate, s l i t  the  earthworm open by a  dorsal l ong i tud ina l  
cut.  Encysted juven i les  are almost always found embedded i n  
f la t tened,  ovoid, brown bodies l y i n g  i n  the coelomic spaces o f  
the pos te r io r  s m i t e s .  Unencysted juven i les  usua l ly  occur i n  the  
seminal vesic les and coelomic spaces near the nephr id ia;  i n  heav i l y  
."infected1' ind iv idua ls ,  as many as 12-15 juven i les  may be found 
i n  a  nephridium. 
CLASS NEMATODA 
ORDER RHABDITOIDEA 
Turba t r i x  ace t i  ( the vinegar e e l )  
1. Maintenance 
a. Cul ture 
Inoculate commercial c lea r  apple j u i ce ,  d i l u t e d  1 : l  w i t h  
water, w i t h  a dense suspension o f  ee ls  i n  vinegar (about 20 
m l  per l i t e r  o f  d i l u t e d  apple j u i c e ) .  Pour the inoculated 
j u i c e  i n t o  4 l i t e r  containers t o  a depth o f  approximately 
1 inch. Cover loosely. A dense c u l t u r e  develops i n  7-10 days. 
b. Temperature 
The c u l t u r e  s h a l l  be maintained a t  ambient (room) temperature. 
2. Exposure 
The lunar sample s h a l l  be introduced i n t o  the c u l t u r e  f l u i d .  
3. Assessment 
The vinegar ee l  i s  a f r e e - l i v i n g  nematode o f t e n  occurr ing 
abundantly i n  vinegar. 
The uniqueness o f  i t s  metabolism; i.e., i t s  extensive u t i l i -  
za t i on  o f  acetate and apparent lack  o f  a t r i c a r b o x y l i c  ac id  cyc le,  
and i t s  ease o f  c u l t u r e  make i t  an ideal  nematode species f o r  
tes t ing .  
The, test  s h a l l  be an observat ional one and involves comparing 
I 
the  vigorous, thrashing, swimming motions o f  normal unexposed 
con t ro l  organisms w i t h  the  movements o f  the organisms exposed t o  
the  lunar sample. 
4. Source 
Carol ina B io log i ca l  Supply Co., Bur l ington,  North Carol ina. 
CLASS NEMATODA 
ORDER RHABD l TO l DEA 
, 
Neaplec tana gl  aser i 
A p a r a s i t i c  form 
1. Maintenance 
a. Cul ture 
(1)  S t01  1 ' s  medium 
A mixture of 9 m l  veal broth,  1 m l  raw r a b b i t  l i v e r  ex t rac t ,  and 
25 mgm glucose s h a l l  be prepared a s e p t i c a l l y  and adjusted t o  pH 
6.0-6.5. 
Each 10 ml o f  the medium sha l l  be inoculated w i t h  25 i n f e c t i v e  
N. g l a s e r i  larvae. The tubes, when shaken i n  the dark f o r  three 
- 
weeks a t  22.5-24.1°c, y i e l d  a 100-fold increase i n  the nematodes. 
(2) Jackson ( '962)  has been able t o  c u l t u r e  - N. g l a s e r i  i n  a chemical ly 
defined mzdium bu t  the r e s u l t s  have y ie lded less  than one-tenth 
the worms o f  S t o l l ' s  medium. 
b. Temperature 
22.5-24. 1°c. 
c .  ' L i g h t  
The tubes must be kept i n  the dark. 
2. Exposure 
A suspension, f i l t r a t e ,  o r  e x t r a c t  o f  the lunar sample s h a l l  be 
added t o  the f l u i d  medium. Graded doses o f  the lunar sample sha l l  be used, 
1 gram (or  equivalent  annunt o f  ex t rac t )  per l i t e r ,  10 gram/l i  t e r ,  e t c .  
3. Assessment 
The f o l  lowing observat ions s h a l l  be made: 
a. Morphology 
b.  Growth o f  i nd i v idua ls  and populat ion 
c. M o t i l i t y  
d. I n f e c t i v i t y  toward the  host,  the grub o f  the Japanesc beet le ,  
japan i ca. 
4. References 
Jackson, G.J. Expt l .  Paras i to l .  11,25-32, 1962. 
S t o l l ,  N.R. J. Parasito!.  39,422-444, 1953a. 
S t o l l ,  N.R. Ann. N.Y. Acad. Sci.  77,126-136, 1959. 
St01 1, N.R. Thaper Cmmemorat ion  Volume, Lucknow, pp. 259-268, 1953b. 
5. Source 
Dr .  Wi l l iam Trager, The Rockefe l ler  I n s t i t u t e ,  New York, New York. 
PHYLUM ANNEL l DA 
The earthworms, leeches, marine polychaetes 
CLASS OLIGOCHAETA 
ORDER OPISTHOPORA 
Lumbricus t e r r e s t r i s  (earthworm) 
1. Maintenance 
a. Equipment 
T e r r a r i a  
b. Cul ture 
(1) Media 
(a) The earthworms sha l l  be kept i n  t e r r a r i a  f i  1 led t o  about 12 
inches w i t h  equal p a r t s  o f  o l d  leaves and l e a f  loom co l l ec ted  
from a wooded area. No add i t i ona l  food i s  required. 
(b) The recomnended medium f o r  breeding i s :  1 p a r t  dung, 3 p a r t s  
so i  1, 5 p a r t s  peat moss (ad jus t  t o  pH 7 using hydrated 1 ime), 
and a small amount of sand. (Ba r re t t ,  1549). 
(c) I f necessary, so i  1 can be used alone. I t sha l l  be 1 i g h t  and 
sandy wi thout  lumps o r  rocks. 
The s o i l  should n w e r  be heat s t e r i l i z e d .  
So i l  c u l t u r e s  tend t o  d ry  out  more r a p i d l y  than those 
conta in ing  more organic ma te r i a l .  
(d) Addi t ional  food such as corn meal o r  chicken mash may be added 
t o  the cu l tu re .  This  i s  no t  recommended f o r  the quarant ine 
laboratory.  Overfeeding o r  a d d i t i o n  o f  f resh  food leads t o  
fungal growth and spoi led cu l tu res .  
(2) The mater ia l  s h a l l  be a i r  d r i e d  f o r  several days p r i o r  t o  use t o  
e l im inate  poss ib le  parasi tes.  I t  should be remoistened u n t i l  i t  
conta ins about 3VA water. 
The ma te r ia l  i n  the t e r r a r i a  s h a l l  be kept mois t  bu t  no t  wet. 
(3) The substrate s h a l l  be kept a t  pH 7.  If acio,hydrated l ime s l i a l l  
be worxed i n  t o  g i ve  a  neut ra l  pH. 
(4) Every two weeks the ma te r ia l s  s h a l l  be turned t o  aerate the cu l tu re .  
, Temperature and L i g h t i n g  
No specia l  cond i t ions  are required. 
When rap id  breeding i s  desired,the temperature may be elevated. 
Exposdre 
a. Ingest ion 
The lunar sample s h a l l  be mixed w i t h  the dead l e a f  mater ia l  and 
should be normal ly ingested by the earthworms. 
b .  I n j e c t i o n  
(1) The lunar sample s h a l l  be i n jec ted  (as suspension o r  ex t rac t )  i n t r a -  
coelomical ly  i n t o  the adu l t .  
(2) The sample s h a l l  be i n jec ted  i n t o  the cocoons. 
(3) Ex t rac ts  o f  the lunar sample s h a l l  a l so  be i n jec ted  i n  small amounts 
d i r e c t l y  i n t o  the blood system v i a  the la rge  dorsal blood vessel. 
Assessment 
a. Adul ts  
Observations s h a l l  be made t o  determine the su rv i va l  and con t i i ~ued  
normal ac t i v i t i es , such  as negat ive phototropism and feeding, fo l lowing 
exposure t o  the lunar  sample. 
b. Development 
The cocoons o f  Lumbricus t e r r e s t r i s  have several eggs; normal ly,  
o n l y  one o f  these develops. The e f f e c t  o f  the lunar sample on the 
normal development o f  the egg exposed i n  the cocoon sha l l  be determined. 
Extended observationsand a comparison o f  the hatching ra te  o f  in jected 
cocoons w i th  that  f o r  non-injected ones sha l l  be made. 
c. Regeneration 
Considerable port ions o f  the body may be regenerated by annelids 
fo l lowing in ju ry  o r  loss. E i ther  the anter ior  or  poster ior  end o f  
Lumbricus w i  1 1 be regenerated provid ing the nervous system (zspec i a1 l y 
the ventral  nerve chord) i s  l e f t  in tac t .  
The a b i l i t y  o f  exposed animals t o  regenerate l o s t  segments sha l l  
be studied. 
Tilt number o f  segments that  can be reformed i s  l im i ted  and i s  usual ly  
less than the number removed; th is ,  however, can be compared i n  exposed 
and non-exposed indiv iduals.  
4. Reference 
The UFAW Handbook on the Care and Management o f  Laboratory Animals, 
3rd Ed., The Will iams and Wilkins Company, 1967. 
Barret t ,  T.J., Harnessing the Earthworm. London; Faber, 1949. 
'Laverack, M.S. - The Physiology - o f  Earthworms, MacMillan Co., New York, 
1963. 
Lutz, F.E., e t  a l .  Culture Methods f o r  Invertebrate Animals. Dover , 
Publications, Inc., New York, New York, 1959. 
5. Source 
General Biological Supply House (Turtox) . 
CLASS POLYCHAETA 
ORDER ERRANTIA 
Nerel s ("Neanthes) v l  rens (mar i ne worm) 
1 . Ma i n tenance 
a. Equipment 
(I) Aquaria 
The aquaria s h a l l  be provided w i t h  a bottom layer  of sand 
in  which the worms may construct  b u r r w s .  
(2) F ingerbmls  
3) Glass tubing 
b. Cul ture 
The animals may be maintained i n  the labora tory  i n  100 percent 
sea water f o r  several weeks i f  kept a t  a lw  temperature. 
c. Feeding 
This marine worm i s  a r a p t o r i a l  feeder, captur ing  i t s  prey by 
means o f  an evers ib le  proboscis. The prey i s  normally var ious small 
inver tebrates . 
d . Temperature 
10-15'~ 
2. Exposure 
a. By d i r e c t  add i t ion  o f  the 1 unar sample t o  the sea water . 
b. By i n j e c t i o n  o f  suspension (or ex t rac t )  o f  the lunar sample i n t o  
the coelom. 
3. Assessment 
a. An observat ional t e s t  s h a l l  be performed t o  determine the e f f e c t s  o f  
the lunar sample on the resp i ra to ry  movements o f  Nereis. 
b. The worms s h a l l  be removed from t h e i r  tubes i n  the ho ld ing  aquaria 
and placed i n  f resh sea water i n  f i n g e r  bowls. 
c. A g lass tube o f  a bore s l i g h t l y  greater  than the diameter o f  the worms 
sha l l  be placed i n  the f i n g e r  bowl. The worms w i l l  enter  these glass 
tubes. 
d. A carmine suspension s h a l l  be added t o  the water. 
e. The resp i ra tory  movements o f  water through the tube s h a l l  be observed. 
f. The e f f e c t  o f  the lunar sample on these movements s h a l l  be determined. 
4. Reference 
Brown, Jr., F.A., i n  Selected Inver tebrate Types, (Ed. by F.A. Brown, 
~ r . ) ,  pp. 271-279. John Wiley and Sons, New York, 1950. 
5. Source 
Supply Department, Marine B io log i ca l  Laboratory, Woods Hole, Mass, 
02543. 
PHYLUM MOL.LUSCA 
The chitons, sna i ls ,  slugs, clams, oysters, sea hares, oc top i  
CLASS AMPHINEURA 
The most p r i m i t i v e  ~l luscs 
Chaetopleura apicula ta  ( C m o n  Eastern Chi ton) or 
t l o ~ a l ; a  sp. (West Coast Chiton) 
1 . Ma i n  tenance 
a. Equipment 
(1) Aerated marine aquaria 
(2) Finger bowls 
b. Feeding 
The animals do no t  requ i re  specia l  feecing; they a r e  f i l t e r  feeders. 
c. Handling 
Both species may bc a i n t a i n e d  f o r  several months i n  we1 1-aerated 
marine aquaria. 
They should not  be crowded. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the sea water 
b. A suspension, f i l t r a t e ,  or  e x t r a c t  o f  the lunar sample s h a l l  be 
in jec ted i n t o  body f l u i d s  and cav i t i es .  
3. Assessment 
a. Observations on the su rv i va l  and continued nornlal a c t i v i t y  o f  the 
chi tons fo l l ow ing  t h e i r  exposure t o  thc ,unar sample s h a l l  be made. 
I n  some species, the ' ' r i gh t i ng  timew may be used as an index: organ- 
isms which are not  normal are slow in,or incapable of, r i g h t i n g  them- 
selves a f t e r  being placed on t h e i r  backs. 
b. During the breeding season o f  Chaeto~ leura  (June 25-September 25),  the i. i. 
e f f e c t  o f  the lunar sample on the f e r t i  1 i z a t  ion and subsequent development f 
- a. 
zoo 
o f  the eggs sha l l  be determined. To obtain eggs and sperm, place 
ch i  tons (25-30) i n  a large kontainer o f  running sea water and hold 
f o r  one day. I n  the evening, decrease the volume o f  the container 
t o  one-half (it i s  su f f i c i en t  that  the ch i  tons are j u s t  covered) and 
al low t o  stand overnight undisturbed. The males w i l l  extrude sperm 
i n t o  the water and t h i s  i s  followed by spawning o f  the females i n  one- 
ha l f  t o  one hour. A f te r  spawning i s  completed (1st-3rd night) ,  the eggs 
sha l l  be transferred t o  f resh sea-water i n  fingerbowls. They should be 
washed several t imes by decantation during the next 24 hours. The not- 
ma1 f e r t i l i z e d  egg w i l l  develop i n t o  a free-swimming trochophore larva 
w i t h i n  24-48 hours. 
The ra te  o f  hatching as we l l  as the surv iva l  of  the trochophore 
larvae i n  the presence o f  the lunar sample sha l l  be used as a c r i t -  
i ca l  t es t  f o r  the e f f e c t  o f  the lunar sample on the development o f  the 
chiton. ' 
4. Source 
Chaetopleura, a small chiton, i s  avai lable from Supply Department, 
Marine B io log ica l  Laboratory, Woods Hole, Mass. 02543. 
Mo~a l i a ,  a medium sized species, i s  ava i lab le  from Pac i f ic  Bio-Marine 
Supply Co., P.O. Box 285, Venice, Ca l i fo rn ia  90293. 
CLASS GASTKOPODA 
SUBCLASS PROSOBRANCHIA (f resh-water, marine, and t e r r e s t r i a l  snai l s) 
ORDER NEOGASTROPODA 
Thai s  haemas toma (mar i ne sna i I) 
-
1 . Maintenance 
a. Equipment 
(1) Marine aquaria 
(2) Aerator 
(3) P r i o r  t o  es tab l  i sh ing  the aquaria, the sea water s h a l l  be f i 1 tered 
f r e e  o f  debr is .  
(4) Constant aera t ion  i s  des i rab le .  
b. Feeding 
The sea-water s h a l l  be from the area where the species were co l lec ted .  
No specia l  feeding i s  required. The aquat ic  s n a i l s  are f i l t e r  
feeders. 
2. Exposure 
The l u n a i  sample s h a l l  be added t o  the sea water. 
3. Assessment 
The prosobranch mol luscs s h a l l  be observed f o r  signs o f  abnormal 
a c t i v i t y  f o l l ow ing  exposure t o  the lunar  sample. Abnormal a c t i v i t y  w i l l  
be manifest i n  f a i l u r e  o f  locomotor a c t i v i t i e s ,  withdrawal i n t o  the she l l ,  e t c .  
4. Source 
The Houston Gulf  Coastal Area i s  r i c h  i n  molluscan species,and repre- 
sentat ives o f  several orders o f  gastropods and b iva lves  may be co l l ec ted  
l a a l l y  i n  adequate supply and w i t h  s u f f i c i e n t  seasonal c o n t i n u i r y  t o  sus- 
t a i n  the most e laborate t e s t i n g  program. These species may be suppl ied l o c a l l y .  
Supply Department, Marine B io log i ca l  Laboratory, Woods Hole, Mass. 
SUBCLASS OPISTHOBRANCHIA 
ORDER TECTIBRANCHIA 
Apl y s i a  sp. (sea hare) 
1. Maintenance 
a. Equipment 
(1) Aerated deep marine aquarium. 
(2) C i r c u l  a t  i ng sea-wa t e r  sys tem. 
b. Feeding 
. 
Aplys ia  may be kept f o r  several months i n  deep marine aquaria 
which are we l l  aerated. 
2. Exposure 
As f o r  prosobranchs. 
3. Assessment 
Observations s h a l l  be made o f  the s n a i l s '  a c t i v i t i e s .  
Normal locomotion o f  Ap lys ia  i s  very c h a r a c t e r i s t i c  w i t h  synchronous 
parapodial  movements. 
The e f f e c t  of the lunar sample on these movements s h a l l  be determined 
and compared w i t h  the cont ro ls .  
4. Reference 
Morton, J.E., i n  Physiology o f  Mol lusca (Ed. by K.M. Wilbur and C.M. 
I 
Yonge) , vol'. 1,  pp. 383-423, Academic Press, N.Y., 1964. 
5.  Source 
Local 1 y suppl ied  . 
SUBCLASS PULMONATA (a i r-brea t h i  ng sna i l s) 
ORDER STYLOMMATOPHORA 
Otala lac tea  
1 . Maintenance 
a. ' Equipment 
Glass aquaria o r  la rge  f ingerbowls 
b. Feeding 
The animals s h a l l  be fed  on l e t t u c e  
c.  Handling 
These sna i l s ,  when purchased, a re  i n  a s t a t e  o f  es t i va t i on .  
They m y  be maintained i n  the laboratory i n  t h i s  s t a t e  u n t i l  used. 
For arousal,  the epiphragm s h a l l  be mechanically removed and the 
s n a i l s  placed, a p e r t u r e  down, on moist  f i l t e r  paper i n  a glass 
aquarium conta in ing f resh  l e t t uce .  They w i l l  become a c t i v e  and s t a r t  
feeding w i t h i n  a few minutes t o  a few hours. 
2.  Exposure 
a. A suspension or  e x t r a c t  o f  the lunar sample s h a l l  be i n jec ted  i n t o  
- s o f t  pa r t s  o f  body. 
b. The lunar sample s h a l l  be t o p i c a l l y  app l ied  t o  the f o o t  sole. 
3. Assessment 
a. The f o o t  so le  i s  heav i ly  c i l ia ted ,and normal locomotion i s  v i a  the 
ac t i on  o f  these c i l i a .  
The e f f e c t  of  the lunar sample on t h i s  c i l i a r y  ac t i on  s h a l l  be 
determined. 
b. Observation on the su rv i va l  and continued normal a c t i v i t i e s  o f  the 
sna i l s  f o l l ow ing  t h e i r  exposure t o  the lunar sample s h a l l  be made. 
C 1) Normal a c t i v e l y  f e e d i n g ~ s n a i l s  undergo a d a i l y  cyc le  o f  a c t i v i t y  
which involves nocturnal feed ing f o l  lowed by a per iod o f  inac t  i v i  ty" 
(which i s  apparent ly d i f f e r e n t  from e s t i v a t i o n )  dur ing the day. 
During t h l s  per iod o f  " i n a ~ t i v i t y , ~ ~  the s n a i l s  become attached 
t o  the vessel i n  which they are  contained by a mucous secret ion 
around the a p e r t u r e .  Since t h i s  cyc le  i s  p a r t  o f  the normal 
b io logy o f  t h i s  species, the e f f e c t  o f  the lunar sample on a l l  par ts  
o f  the cycle, espec ia l l y  the secre t ion  o f  the "mucous vei l , "  s h a l l  
be determined. 
(2) The e f f e c t  o f  the lunar sample on the long-term c y c l i c  f l uc tua -  
t i ons  i n  weight s h a l l  be determined. 
Because o f  the constancy i n  t h i s  hydrat ion-dehydrat ion phenom- 
enon, the e f f e c t  o f  the lunar sample on i t  may be determined by 
weighing exposed s n a i l s  several times d a i l y  over a per iod o f  a few 
weeks . 
(3 )  Otala and other he1 i c i d  land sna i l s  are normally negat ive ly  geo- 
t rop i c :  when they are allowed t o  creep or  crawl on a v e r t i c a l  sur- 
face, they move upwards. The e f f e c t  o f  the lunar sample on t h i s  
o r i e n t a t i o n  s h a l l  be determined. 
(4) The e f f e c t  o f  the sample on the pedal locomotory waves s h a l l  be 
determined. These can be observed as the animal crawls on the glass 
wa l l  o f  the aquarium. 
4. References- 
Crozier,  W. J. J. Gen. Physiol .  18, 659, 1935. 
Hunter, W. R. i n  Phys io logyo f  Mollusca (Ed. by K.M. Wilbur and 
C. M. yonge), Vol. 1, pp. 83-126, Academic Press, N.Y., 1964. 
Wells, G.P. and N. Howes J. Exp. B i o l .  11, 327, 1934; J. Exp. B io l .  11, A 
344, 1934; J. Exp. B io l .  20, 79, 1944. 
5 .  Source 
-
Dr. James W ,  Campbell, Department o f  Biology, Rice Univers i ty ,  
Houston, Texas 77001 
Scozzaro lmpor ted and Domes t i c  Groceries, Store no. 40, Brooklyn 
. Terminal Market, Brooklyn 12, New York. 
SUBCLASS PULMONATA 
ORDER STYLOMMATOPHORA 
J.lrnax f lavus (slug) 
1  . Ma l n  tenance 
-- 
a. Equipment 
Terrar ium 
b. Feeding 
Slugs s h a l l  be fed  on l e t t u c e  
t c. Handling 
Slugs s h a l l  be housed i n  t e r r a r i a  conta in ing s t e r i l i z e d  le t tuce  
or leaves remoistened w i t h  s t e r i l e  d i s t i l l e d  H 0. 2 
2. Exposure 
a. A  suspension or  e x t r a c t  o f  the lunar sample s h a l l  be in jec ted i n t o  
s o f t  par ts  o f  the body. 
b. The lunar sample s h a l l  be t o p i c a l l y  appl ied t o  the f o o t  sole. 
3. Assessment 
a. Observational tes ts  on the su rv i va l  and continued normal a c t i v i t i e s  
of the slugs fo l l sw ing  t h e i r  exposure t o  the lunar sample s h a l l  be 
made. 
b. The f o o t  so le  i s  heav i ly  c i l i a t e d , a n d  normal locomotion i s  v i a  the 
a c t i o n  o f  these c i l i a .  
' I  
The.e f fec t  o f  the lunar sample on t h i s  c i l i a r y  ac t i on  s h a l l  be 
de termi ned. 
4. Source 
-
Local ly  avai lable. 
CLASS BlVALVlA 
SUBCLASS PROTOBRANCHIA 
Crassostrea v i  r s i n i c a  [ the oys ter  (bracki  sh-water) ] 
.SUBCLASS LAMELLIBRANCHIA 
Spisula sol id iss ima (marine clam) 
1. Mai ntenance 
b 
a. Equipment 
(1) Shallow aquaria w i t h  sand o r  gravel .  
(2) Aerator.  
b. Feeding 
Animals do no t  requ i re  specia l  feeding; are f i l t e r  feeders. 
c. Handling 
Bivalves s h a l l  be maintained i n  very-wel l-aerated, shallow aquaria 
w i t h  a bottom layer o f  sand o r  gravel .  
2. Exposure 
I 
The lunar  sample s h a l l  be added t o  the water. 
3. Assessment 
a. One i m e d i a t e  s ign  o f  abnormality i n  b iva lves  i s  a gaping she l l ,  caused 
by re laxat ior ,  o f  the adductor muscles. This  may be used as an immediate 
i nd i ca to r  o f  lunar  sample t o x i c i t y  f o l l ow ing  i t s  add i t i on  t o  the water 
i n  which the b iva lves  are kept. 
b. Normally, undisturbed b iva lves  have t h e i r  s h e l l s  s l i g h t l y  open,and, i n  
some, '.he siphons are pro t rud ing  t o  a l l ow  f o r  the passage of  water 
* cur ren ts  over the g i l l s  i n  the mantle c a v i t y .  The g i l l s  are heav i l y  
c i l i a t e d ;  and small p a r t i c l e s ,  upon which the b iva lves  feed, are taken 
from the water by the ac t i on  o f  c i l i a r y  t r a c t s  and de l ivered t o  the : 1 
mouth. These water cur ren ts  may be r e a d i l y  observed by the add i t i on  of  i 
sus13ended ma te r ia l s  t o  the wat. 'I i 
The e f fec t  o f  the 1 unar sample on the abi 1 i t y  o f  tt.cse moll uscs 
t o  maintain these feed i ng/resp i ra tory  currents shal l  be determined. 
c. Quanti t a t  ion of the ra te  o f  these movements, and consequently the 
effects of the lunar sample thereupon,shall be carr ied out as follows: 
Canmercially avai lable graphite suspensions shal l  be used. These 
include flProdagll (5-15 microns i n  diameter) and "Aquadagff (1-2.5 microns). 
These co l lo ida l  graphite preparations shal l  be made up fresh f o r  
each tes t  i n  a concentration of 2-5 mg per l i t e r  o f  bathing f lu id .  
The opt ica l  density o f  these preparations shal l  be determined. 
The solutior, shal l  be divided among several containers i n t o  which 
the bivalves are placed. Each vessel shal l  be s t i r r e d  constantly and 
aers ted. 
The ra te  a t  which water passes through the f i l t e r i n g  apparatus o f  
the bivalve shal l  be calculated from the reduction i n  concentration o f  
the suspended material,  measured as decrease i n  opt ica l  density. 
The absolute concentration shal l  be determined from standard curves 
prepared w i th  known amounts o f  the graphite suspension. On the 
. assumption that  f i l t r a t i o n  i s  100% e f f i c i e n t  i n  p a r t i c l e  retention, 
the amount o f  water k) pumped i n  time (t) shal l  be calculated from 
the fol lowing equation: 
X 
- 
Pt=Po exp - - t 
M 
where M = volume of water i n  vessel 
Po= concentration o f  graphite a t  0 time 
Pt= concentration o f  graphite a t  time t 
These rates shal l  be compared i n  organisms exposed t o  the lunar 
sarrple and the controls. 
d. C i  1 ia ry  act ion 
C i l i a r y  ac t ion on the g i l l s  of 'b ivalve molluscs has un iversa l ly  
been used as a c r i t e r i o n  f o r  tes t ing  the e f fec ts  o f  d i f f e r e n t  environ- 
mental and physio logical  fac tors  on these organisms. This sha l l  be 
used as a c r i t i c a l  t es t  f o r  the t o x i c i t y  o f  the lunar sample. 
The she l l  from one side o f  the b iva lve sha l l  be removed t o  expose 
the mantle covering the g i l l s .  This sha l l  be cut  away and, w i t h  the 
g i l l s  exposed and bathed w i t h  the surrounding f l u i d ,  powered carmine 
o r  graphite sha l l  be added t o  the water j u s t  above the g i l l .  The 
movement o f  the suspended pa r t i c l es  i n  the c i l i a r y  t r ac t s  on the g i l l s  
sha l l  be observed before and a f t e r  exposure t o  the lunar sample. 
= F e r t i l i z a t i o n  and development 
Observation sha l l  be made o f  the ra te  o f  development and o f  
morphol ogy . 
(1) Crassostrea v i r q i n i ca  
To obtain na tu ra l l y  f e r t i l i z e d  eggs, r i p e  females sha l l  be 
kept out o f  water f o r  several hours. They sha l l  then be placed 
i n  a glass tank i n  water maintained a t  25-27OC. As soon as the 
she l ls  open, 1 m l  o f  a sperm suspension made by macerating 
0.5 gm t e s t i s  i n  50 m l  sea water sha l l  be added. Spawning 
begins i n  approximately 30 minutes. As soon as s u f f i c i e n t  
eggs are col lected, the females sha l l  be removed from the 
container. 
F e r t i l i z a t i o n  takes place immediately and the eggs s e t t l e  
t o  the bottom. An approximate t i m e t a b l e  f o r  development o f  
the eggs i s  as fol lows: 
0 time f e r t i l i z a t i o n  
30 minutes po lar  bodies 
5 hours free-swimming stage 
(2) Sp i sul a sol i d  i ss ima 
To obtain eggs, the hinge o f  the she l l  sha l l  be removed, 
breaking the ovary and forc ing the eggs t o  be extruded i n t o  a 
beaker o f  sea water. The eggs sha l l  be washed by decantation 
3-4 times, leaving thc heavier, more mature eggs on the bottom 
* 
o f  the beaker. Two t o  three drops o f  a sperm suspension (one 
drop dry  sperm i n  10 m l  sea water) sha l l  be added t o  the eggs 
contained i n  40-50 m l  sea water. Dry ovaries and testes may 
be kept overnight a t  ~ O C ;  washed eggs should be f e r t i l i z e d  
w i t h i n  6 hours. 
The f e r t i l i z e d  eggs sha l l  be divided i n  ha l f :  t o  one 
batch is added the lunar sample and the other serves as the 
non-exposed control .  The t i m e t a b l e  f o r  normal development 
o f  the f e r t i l  ized eggs a t  25 '~  i s  as fol lows: 
0 time ' f e r t i l i z a t i o n  
30 minutes po lar  bodies formed 
60 minutes f i r s t  cleavage 
90 minutes second cleavage 
5 hours swimming b las tu la  
4-9 hours gastru la 
18-19 hours young vel iger 1 arva 
4. References 
Allen, R.D. Biol .  Bul l .  105,312, 1953. 
Atkin, D. Quart. J. Micr. Sci. 79,181, 1936. 
Jdrgensen, C.B. Biol . Rev. 30,391, 1955. 
Jdrgensen, C.B. J. Mar Biol . Assoc. U.K. 28,333, 1949. 
5. Sources 
Locally supplied. 
C m e r c i a l  graphite suspensions: 
Acheson Col loids Corporat ion 
Port Huron, Michigan 
CLASS CEPHALOPODA 
ORDER OCTOPODA 
Octopus bimaculatus 
1. Haintenance 
a. Equipment 
(1) S a l t  water aquaria 
(2) C i r c u l a t  ing  sea-water system 
(3) Aerator and f i 1 t e r s  
b. Feeding 
The octopus sha l l  be fed every 2-3 days on l i v e  crabs. 
c. Handling 
The octopus requ i res  a  c i r c u l a t i n g  sea-water system which sha l l  
be c o n t i n u a l l y  aerated and f i l t e r e d .  
They may be kept i n d e f i n i t e l y .  
2. Exposure 
a. By add i t i on  o f  lunar  sample t o  water. 
b. By i n j e c t i o n  o f  suspension o r  e x t r a c t  o f  lunar sample i n t o  c i r c u l a t o r y  
system. 
3. Assessment 
The octopus i s  among the most h i g h l y  organized o f  the inver tebra tes  
w i t h  organs so h i g h l y  d i f f e r e n t i a t e d  tha t  i t  approaches the l eve l  o f  
o rgan iza t ion  o f  the ver tebrates.  Because o f  t h i s ,  the e f f e c t  o f  the lunar 
sample on the fo l l ow ing  s h a l l  be determined: 
"Em~t ion ,~ '  general re f lexes ,  and v i sua l  acdi t y .  
4. References 
Harrison, F.M. and A.W. Mar t in .  J. Exp. B i o l .  42, 71, 1965. 
Johansen, K. and A.W. Mar t in .  Comp. Bicchem. Physiol .  5, 161, 1962. 
Wells, M.J. Physiology of Mol lusca (Ed. by K.M. Wilbur and C.M. Yonge), 
Vol. 11, Academic Press, New York, i n  press, 1966. 
Charles, G.H. I b id .  
5. Source 
P a c i f i c  Bio-Marine Supply Company, P.O. Box 285, Venice, Cal i f o r n i a ,  
90293. 
Octopus v u l q a r i s  obta inable i n  the Gu l f  o f  Mexico. 
MOLLUSCAN TISSUE CULTURE 
GASTROPOD T l SSUE CULTURE 
1. Methods 
A method f o r  the  i n  v i  t r o  cu l  t u r e  of several t issues from He1 i x  pomat ia ,  
x Australorlus qlabrotus, and Potmatiopsis l a p i d a r i a  i s  described i n  d e t a i l  by 
Burch and Cuadros (1965). 
2. Exposure 
A suspension o r  e x t r a c t  o f  the lunar  sample s h a l l  be added t o  the t i ssue  
c u l t u r e  medium. 
3 Assessment 
Macroscopic and microscopic observations s h a l l  be made t o  determine 
the  e f f e c t  o f  the lunar sample on Gastropod t i ssue  cu l tu res .  
4. Reference 
Burch, J.B. and C. Cuadros, 1965, Nature 206: 637. 
5. Source 
Cel l  l i n e s  ava i l ab le  from: 
D r .  J.B. Burch 
Museum and Department o f  Zoology 
Un ivers i ty  o f  Michigan 
Ann Arbor, Michigan 48106 
PHYLUM BRACHIOPODA 
L ingu la  (lamp she1 1) 
A marine form da t i ng  back t o  the Ordovician per iod.  
1 . Mai n tenance 
a. Equipment 
(1) The animals s h a l l  be he ld  i n  marine aquaria. 
(2) A c i r c u l a t  ing sea-water system s h a l l  be used. 
b. Feeding 
No specia l  feeding i s  required; they are f i l t e r  feeders. 
c. Temperature 
1 sOc. 
2. Exposure 
The lunar  sample sha l l  be added t o  the f l u i d  medium. 
3. Assessment 
a. Observations s h a l l  be made o f  any behavioral  o r  morphological changes. 
b. Feeding and resp i ra to ry  cur ren ts  w i l l  be observed i n  d e t a i l  as described 
. f o r  the molluscs. 
4. References 
Barnes, R.D. Inver tebrate Zoology. W.B. Saunders Co., Phi ladel  phi  a, 1963. 
' I 
Paine, R.T. Ecol .  Monogr., 33, 187-213, 1963. 
5 .  Source 
Marine B io log i ca l  Laborator ies, Woods Hole, Mass. 
PHYLUM ECHINODERMATA 
CLASS ASTEROIDEA 
ORDER FORCIPULATA 
Aster ias  fo rbes i  or  A. vu lqd r i s  ( s t a r f i s h )  
1. Maintenance 
a. Equipment 
(1) Salt-water aquarium 
(2) C i r c u  1 a t  i ng sea-wa t e r  sys tern 
(3) Aerator 
b. S t a r f i s h  feed on marine b iva lves  
c. Temperature 
8- 12 '~  
d. Hand1 ing  
Echinoderms s h a l l  be kept  i n  a cold, well-aerated,circulating 
sea-wa t e r  sys tern. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the sea water i n  s o l i d  or e x t r a c t  
form. 
b. The lunar sample o r  an e x t r a c t  s h a l l  be d i r e c t l y  i n jec ted  i n t o  the 
coelomic (pe r i v i sce ra l )  cav i t y .  
c. The sample s h a l l  be i n jec ted  i n t o  the water vascular system. 
3. Assessment 
The general responses o f  s t a r f i s h  f o l l w i n g  t h e i r  exposure t o  the lunar 
sample s h a l l  be determined. 
The fo l l ow ing  aspects o f  the b io logy  o f  these organisms s h a l l  be 
tested : 
a. Locomotion and r i g h t i n g  r e f l e x  
b. React ion  t o  touch 
c. Reaction t o  l i g h t  
d. C i l i a r y  ac t i on  
(1) The c i  1 i a r y  currents on the aboral surface may be charted w i t h  
carmine o r  c o l l o i d a l  graphite. The e f f e c t  of the lunar sample 
onthe ac t i on  of these c i l  l a  s h a l l  be used as a c r i t i c a l  t e s t  
f o r  the t o x i c i t y  of the lunar sample t o  the s t a r f i s h .  
(2) The coelom o r  p e r i v i s c e r a l  space o f  the s t a r f i s h  I s  l i n e d  w i t h  
c i l i a t e d  e p i t h e l i a l  ce l ls ,  and these may a l so  be used i n  the t e s t  
f o r  the e f f e c t  o f  the lunar sample on echinoderm c i l i a r y  act ion.  
e. Coelomic f l u i d  
(1) The p r o t e i n  content o f  the coelomic f l u i d  has been found t o  be an 
extremely sens i t i ve  i nd i ca to r  o f  the phys io log ica l  cond i t ion  o f  
some echinoderms, increasing dramat ica l ly  when they are under 
stress. The e f f e c t  of the lunar sample on the coelomic f l u i d  
p r o t e i n  leve ls  i s  therefore a c r i t i c a l  t e s t  t h a t  s h a l l  be per- 
formed on the s ta r f i sh .  
(2) The coelomic f l u i d ,  when withdrawn from the t i p s  o f  the arms o f  
Aster ias,  contains numerous coelomocytes. Since these are spec- 
i a l  ized c e l l s ,  the e f f e c t  o f  the lui iar sample on the movement phap 
o c y t i c  a b i l i t y  o f  these c e l l s  s h a l l  be determined. The lunar sample 
s h a l l  be added d i r e c t l y  t o  the f l u i d  f o r  t h i s  tes t .  
(3) The coelomic f l u i d  c l o t s  i n  v i t r o .  The e f f e c t  o f  the lunar sample 
on the c l o t t i n g  time of t h i s ' r ' l u i d  s h a l l  be determined. 
f. F e r t i l i z a t i o n  and development 
The animals s h a l l  be r insed f i r s t  i n  tap-water and then i n  sea 
water. The t i p  o f  one arm s h a l l  be cu t  along the aboral surface 
toward the cent ra l  d i s c  t o  expose the plume-l ike gonads. Only i f  a 
large p o r t i o n  of the arm i s  f i l l e d  w i t h  the gonads i s  the ind iv idua l  
usable. Males have w h i t i s h  t o  pa le  yel low gonads; females, 
orange. 
The ovaries s h a l l  be removed from a grav id  female and sus- 
pended i n  a double layer  o f  cheesecloth over a f ingerbowl con- 
ta in ing  sea water. The eggs w i l l  be shed i n t o  the water. A f te r  
s u f f i c i e n t  eggs have been col lected,  the cheesecloth s h a l l  be 
removed. 
About 200 eggs s h a l l  be removed w i t h  a p i p e t t e  atid added t o  
50 m l  sea water. They s h a l l  be washed by decantation. 
One drop o f  a d i l u t e  suspension o f  sperm (prepared by mac- 
e r a t i n g  one t e s t  i s  i n  25-50 m l  sea water) s h a l l  be added. The 
sperm-containing water shal! be ag i ta ted  and a f t e r  f i v e  minutes 
decanted and replaced w i t h  f resh  sea water. 
D iv ide  the f e r t i l i z e d  eggs i n  h a l f :  
One group s h a l l  be exposed t o  the 1 unar sample (ei  ther  
before or  a f t e r  f e r t i l  i za t i on )  and the other s h a l l  serve 
as the cont ro l  group. 
The normal t i m e t a b l e  f o r  development i s  as fo l lows:  
0 t ime f e r t i l  i z a t i o n  
1 hour po lar  bodies 
2-3 hours f i r s t  cleavage 
3 hours second cleavage 
7-10 hours b l a s t u l a  
. 
18-20 hours gas i r u l a  
24-30 hours b ip inna r ia  l a rva  
4. x t r e n c e s  
Boolootl an, R.A. and A.C.  Glese J. Exp. Zoo1 . 140, 207, 1959. 
Boolootian, R .  A.  Amer. 2001. 2 ,  275, 1962. 
Reid, W. M. i n  Invertebrate Tvner (Ed. by F.A. Brawn, ~ r . ) ,  
pp. 5 15-523, John W i  l ey  and Sons, Flaw Yor k, 1950. 
5 .  Source 
Supply Department, Marine Biological  Laboratories,  Woods Hole, 
Mass. 
CLASS ECH 1 NO 1 OEA 
ORDER ST I RODONT.4 
Arbacia puntulata (sea urchin) 
1. & 1 ntenance 
a. Equipment 
. 1) Sal t-water aquar iurn 
2) Ci rcu la t i ng  sea-wa t e r  sys tem 
3) Aerator 
b. Temperature 
8- 1 2OC 
c. Handling 
Echinoderms s h a l l  be kept i n  a cold, w e l l  aerated,c i rculat ing 
sea-wa t e r  sys tem. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the sea water i n  s o l i d  o r  
ex t rac t  form. 
b. The lunar sample or  an e x t r a c t  s h a l l  be d i r e c t l y  in jec ted i n t o  the 
coelomic (per iv iscera l )  cavi ty .  
c. The sample s h a l l  be i n jec ted  i n t o  the water vascular system. 
3. Assessment 
a. Observational tests s h a l l  be made on the su rv i va l  and continued normal 
a c t i v i t i e s  o f  animals fo l l ow ing  exposure t o  the lunar sample. 
Normally, there i s  constant movement o f  the spines and p e d i c e l l a r i a  
on the surface o f  sea urchins. Observations on the e f f e c t  o f  the lunar 
sample on the a c t i v i t y  o f  these s t ruc tures  s h a l l  be made. 
b. The p ro te in  content o f  the coelomic f l u i d  i s  an extremely sens i t i ve  
ind ica tor  o f  the physio logical  cond i t ion  of Arbacia, increasing dram- 
a t i c a l l y  w 1 . m  they are under stress. The e f f e c t  o f  the lunar sample on 3 
1 
a 
the coelomfc f l u i d  p r o t e i r  !:vels s h a l l  be determined. 
c. F e r t i l i z a t i o n  and development 
(1) A specimen s h a l l  be placed aboral -surfacedown i n  a watch glass 
and 0.5-2.0 m l  o f  0.5 M KC1 in jec ted  i n t o  the p e r i v i s c e r a l  coelom 
through the per is tomia l  membrane w i t h  a hypodermic syringe. The 
r i p e  sex c e l l s  a re  extruded i n t o  the d i s h  through the gen i ta l  pores. 
(2) The eggs are f e r t i l i z e d  w i t h  sperm i n  a manner s i m i l a r  t o  t h a t  
described fo r  Aster ias;  s ince polyspermy does no t  normally occur 
w i t h  most sea u rch in  eggs, the concentrat ion o f  the sperm i s  no t  
c r i t i c a l .  
(3) The time tab le  f o r  normal development o f  the sea urchins i s  as 
f o l  l m s :  
Arbac i a 
F e r t i l i z a t i o n  0 time 
Polar bodies - - 
1s t  cleavage 1 h r  
2nd cleavage 1-1 112 h r  
B l a s t u l a .  
9 
6-10 h r  
Gastrula 20 h r  
Pluteus la rva  48 hr  
The r a t e  o f  development and morphology s h a l l  be observed. 
4. Reference. 
Hyman, L.H. The Invertebrates: Echinodermata, Vol. I V .  McGraw-Hill 
B w k  Company, Inc., New York, 1955. 
5.  Source 
Supply Department, Marine B io log i ca l  Laborator ies, Woods Hole, Mass. 
P a c i f i c  Bio-Marine Supply Co., P.O. 285, Venice, C a l i f .  90293 
CLASS OPHlUROlDEA 
ORDER OPHIURAE 
Ophioderma brevispina ( b r i t t l e  s tars)  
1 .  Maintenance 
As described f o r  Aster ias.  
2. Exposure 
As described f o r  Aster ias.  
3. Assessment 
a. The tube f e e t  (prominent i n  Aster ias and other  s t a r f i s h )  are c a l l e d  
tentacles i n  Ophioderma and are sensory i n  func t ion .  They are capable 
o f  passing food p a r t i c l e s  t o  the mouth. 
(1) Food sha l l  be o f fe red  t o  e l i c i t  the feeding response. 
(2) These feeding movements s h a l l  be used t o  observe the e f f e c t  o f  
the lunar sample on Ophioderma. 
b. Four o f  the arms are wel l-coordinated f o r  rap id  movement. The e f f e c t  
o f  the lunar sample on locomotion i n  Ophioderma s h a l l  be determined. 
c. The e f f e c t  o f  the lunar sample on coelomic f l u i d  p r o t e i n  l eve ls  sha l l  
be determined and compared t o  the cont ro ls .  
4. References 
Lutz, F.E., Gt. Culture Methods f o r  Inver tebrate Animals. Dover 
Publ icat ions,  Inc,, New York, 1959. 
Hyman, L.H. The Invertebrates: Echenodermata, Vol. I V ,  McGraw-Hill 
Book Co. , I nc., N. Y., 1965. 
5. Source 
Supply Department, Marine B io log i ca l  Laborator ies, Woods Hole, Mass. 
CLASS HOLOTHUROIDEA 
ORDER DENDROCHIROTA 
I 
Thyone b r  iareus (sea cucumbers) 
1. Maintenance 
a. Equipment 
(1) Sal t -water  aquarium 
(2) C i r c u l a t i n g  sea-water system 
(3) Aerator 
b. Temperature 
8- 1 2Oc 
c. Handling 
Echinoderms s h a l l  be kept  i n  a  cold,  well-aerated,circulating 
sea-wa t e r  sys tem. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the sea-water i n  s o l i d  or  e x t r a c t  
form. 
b. The lunar sample o r  an e x t r a c t  s h a l l  be d i r e c t l y  i n jec ted  i n t o  the 
c o e l m I c  (per iv iscera l )  cav i ty .  
c. The sample s h a l l  be i n jec ted  i n t o  the water vascular system. 
3. Assessment 
Respirat ion i s  a f fec ted i n  the sea cucumber by rhythmic c los ing  and 
opening o f  the cloaca1 aperture.  The r a t e  of t h i s  i s  p ropor t iona l  t o  
the oxygen content o f  the water and i s  a  good ind ica tor  mechanism f o r  the 
phys io log ica l  s t a t e  o f  the organism. The e f f e c t  o f  the lunar sample on 
these rhythmic resp i ra to ry  movements s h a l l  be determined. 
4. Reference 
Newell, R .  C. and W. A. M. Courtney, J. Exp. B i o l .  42, 45-57, 1965. 
5. Source 
As f o r  Aster ias. 
PHYLUM ARTHROPODA 
CLASS CRUSTACEA 
SUBCLASS BRANCHIOPODA 
ORDER ANOSTRACA 
Artemia s a l i n a  (b r i ne  shrimp) 
1 . Maintenance 
a. Equipment 
Artemia s h a l l  be kept i n  b a t t e r y  j a r s  o r  aquaria. 
b. Rearing 
(1) Eggs s h a l l  be hatched i n  5 8 %  NaCl tha t  i s  kept we l l  aerated. 
(2) The newly hatched naupl i i w i  11  t ransform i n t o  adu l t s  i n  approximate by 
2 weeks. . 
(3) The f i r s t  ba tch  o f  eggs produced by the females usua l l y  go a t  once t o  
the n a u p l i i  stage i n  the brood pouch and then escape. Subsequent 
batches o f  eggs from the same female are r e s t i n g  eggs and must be 
d r i e d  before hatching. 
(4) Under favorable condi t ions,  a generat ion takes about 3 weeks. 
c. Feeding 
The eggs hatch as n a u p l i i  larvae and do no t  requ i re  food f o r  f ou r  
days. An a lga l  growth s h a l l  be allowed t o  develop f o r  food. I f  t h i s  
does not  occur, a small amount o f  yeast suspension s h a l l  be added as food. 
An axenic c u l t u r e  may a l so  be establ ished.  
d. L i g h t i n g  
Constant i l l u m i n a t i o n  i s  requi red i n i t i a l l y  t o  encourage an a lga l  
growth. A f t e r  the c u l t u r e  i s  establ ished, a normal l i g h t - d a r k  cyc le  
s h a l l  be maintained. 
e.  Temperature 
No specia l  cond i t ions  are required. 
2. Exposure 
a. A suspension o r  e x t r a c t  o f  the sample s h a l l  be added t o  a b a t t e r y  j a r  
conta in ing Artemia eggs and sea water. 
b .  Varying concentrat ions of the lunar sample s h a l l  be added t o  a reproducing 
c u l t u r e .  
Assessment 
a. A comparison o f  percent hatching s h a l l  be m d e  w i t h  exposed and con t ro l  
eggs. 
b. The growth and development o f  exposed eggs and larvae s h a l l  be observed. 
The e f f e c t  o f  the exposure on the t ransformat ion o f  the larvae t o  the 
adu l t  s h a l l  be determined. 
c .  The e f f e c t  o f  var ious concentrat ions on the reproduct ive capaci ty  sha l l  
be observed. 
d. The a c t i v i t y  and behavior o f  the exposed adu l ts  s h a l l  be observed. 
An o r i e n t a t i o n  t e s t  us ing a s ing le  l i g h t  source s h a l l  be performed 
t o  t e s t  f o r  subt le  e f f e c t s  o f  the lunar  sample. Commonly the adu l ts  
show a "ventra l  1 i g h t  responsdl,; i .e., the vent ra l  surface i s  d i rec ted  
toward a l i g h t  source. Normal animals show t h i s  response as soon as 
the compound eyes develop. They do not  need t o  be sexual ly  mature adu l ts .  
e. Artemia can surv ive i n  concentrated s a l t  so lu t ions  on l y  w i t h  the continued 
opt imal product ion and expenditure o f  energy. Stress, as lunar  sample 
t o x i c i t y ,  w i l l  manifest i t s e l f  almost immediately i n  death. 
Both the larvae (Naupl i i) and adu l t  forms r e l y  on the same basic  mechanism 
f o r  osmoregulating i n  t h e i r  hyperosmotic surroundings. 
I t  i s  therefore on l y  necessary t o  expose the organisms t o  the lunar 
sample t o  determine i t s  e f f e c t  on a bas ic  osmoregulatory process, t ha t  
o t  ~ a +  ex t rus ion .  
3. Reference 
A method o f  axenic c u l t u r e  i s  given by: 
Provalasi ,  L. and Sh i ra i sh i ,  B i o l .  B u l l .  117, 347 355, 1959. 
Graenkel, G.S., and D.L. Gunn, "The Or ien ta t i on  o f  Animals," Oxford, 1940, 
(a lso  rep r in ted  by Dover, N.Y., 1961), Chapter X. 
4. Source 
General B io log i ca l  Supply House (Turtox), Chicago, I l l i n o i s .  
Carol ina B io log i ca l  Supply Co., Bur l ington,  North Carol ina.  
SUBCLASS BRANCHIOPODA 
ORDES CIPLOSTRACA 
SUBORDER CLADOCERA 
Daphnia pu lex  (water f l e a )  
1 .  Maintenance 
a. Cul ture 
Daphnia sha l l  be he ld  i n  b a t t e r y  j a r s  o r  aquaria. 
They s h a l l  be cu l tu red  i n  f resh  water i n  which u n i - c e l l u l a r  algae 
are allowed t o  grow. 
Methods f o r  the c u l t u r e  o f  Japhnia are described by W. A. Chipman, 
1934, and Lutz,et a1 ., 1959. 
b. Feeding 
A t h i c k  suspension o f  yeast s h a l l  be added t o  the medium i f  the a lga l  
growth i s  i n s u f f i c i e n t .  T rad i t i ona l l y ,an  a lga l  growth i s  allowed t o  
develop i n  a  pond-water c u l t u r e .  
c. L igh t i ng  
A d a i l y  l i g h t  source i s  requi red i f  algae i s  t o  be used as food. 
d. Temperature 
No spec i a1 cond i tons are requ i red. 
2. Exposure 
A suspens i c~  o r  an e x t r a c t  o f  the lunar sample i n  vary ing concentrat ions 
sha l l  be added t o  the media. 
3. Assessment 
a. The a c t i v i t y  and behavior o f  the animals sha l l  be observed. 
b. Comparison o f  the su rv i va l  ra tes  o f  animals exposed t o  vary ing concen- 
t r a t i o n s  o f  the sample and the con t ro l s  s h a l l  be made. 
c. The presence o f  hemoglobin s h a l l  serve as an i n d i c a t i o n  o f  general hea l th .  
i 
Daphnia produceshemoglobin, espec ia l l y  under cond i t ions  o f  low O2 
tension, and loses i t  under cond i t ions  o f  h igh  02 tension. The pigment is 
produced i n  s u f f i c i e n t  q u a n t i t i e s  t o  make the animals appear red and permi t  
v i sua l  recogn i t ion  o f  t h i s  presence o r  absence. 
Animals exposed t o  the lunar sample sha l l  be subjected t o  cond i t ions  
o f  low O2 tension. Any in te r fe rence w i t h  the normal synthesis o f  hemoglobin 
should be v i s u a l l y  detected and compared w i t h  the con t ro l s .  
4. Reference 
Chipman, Jr . ,  W.A. Science 79, 59, 1934. 
Cul ture Methods f o r  inver tebra te  Animals, Lutz e t  A., Cornstock Publ. 
Co., 1937. (Reprinted by Dover, 1959). 
Hemoglobin tes t :  Fox, H.M. and E.A. Phear, Proc. Roy. Soc., 141 : 179- 
189, 1953. 
5 .  Source 
Turtox General B io log i ca l  Supply House, Chicago, I l l i n o i s .  
Carol ina B io log i ca l  Supply Co., Bur l ington,  North Carol ina.  
CLASS CRUSTACEA 
ORDER DE CAP ODA 
Cambarus (Crayf i sh) 
A number o f  species occur i n  various p a r t s  o f  the country. The species 
used w i l l  depend upon the source o f  supply. 
1 . Ma i n tenance 
a. Size 
Small c r a y f i s h  sha l l  be used (3"). 
b. Equipment 
(1) Aquaria, p re ferab ly  w i t h  a c i r c u l a t i n g  fresh-water system. 
If a closed system i s  used, the water should be changed weekly. 
(2) Eyestackless animals s h a l l  be kept i n  i nd i v idua l  containers. 
The water s h a l l  be changed every 3-4 days. 
c. Feeding 
(1) Crayf ish may be held i n  a laboratory f o r  per iods up t o  a month 
wi thout  feeding. 
(2) The d i e t  i s  dependent on the species; c r a y f i s h  are  genera 1 l y  
carnivorous. 
d. Temperature 
(1) Crayf ish sha l l  be maintained a t  room temperature i n  a c i r c u l a t i n g  
I 
sys tern. 
(2) I n  a closed system, the temperature sha l l  be 20'~. 
2. Exposure 
A suspension o r  an ex t rac t  o f  the lunar sample sha l l  be added t o  the 
water medium. 
3. Assessment 
a. The survival and morphology of exposed animals shall be observed. 
b. The frequency of molting of exposed eyestalkless animals shall be 
determfned and compared with the controls. Crustaceans are more 
vulnerable at the actual time of molting (ecdysis) than during any 
other phase of the molt cycle. Molting frequency is increased by 
eyestalk removal because this operation removes the x-organ-sinus gland 
complex and consequently is a molt-inhibiting factor. 
4. Reference 
Passano, L.M., 1960, Physiology of Crustacea, Vol. 1, Chapter 15, 
Academic Press. 
5. Source 
Carol i na Biological Supply Company 
CLASS INSECTA 
The lnsecta are by f a r  the largest  class o f  invertebrates, both i n  number 
o f  species (700,000, or about 80 percent o f  the invertebrate species) and i n  
abundance o f  in i ' iv iduals.  Because o f  the s ize o f  t h i s  class o f  animals, i t  i s  
p r a c t i c a l l y  impossible t o  assay the lunar sample on representatives o f  each o f  
the 26 orders o f  insects and o f  t h e i r  many fami l ies.  
A few key species have been selected as tes t  orgsnisms, wit11 the fo l lowing 
c r i t e r i a  i n  mind: 
1. The species or  genus must have been the subject o f  extensive studies 
involv ing various d i sc i p l  ines (e.g., anatomy, h istc~logy,  u l  t ras t ruc t tere ,  
physiology) . 
2. The few spezies selected must be representative o f  a va r ie ty  o f  environ- 
ments (e.g., aquatic, t e r r e s t r i a l )  and represent as well  ce r ta in  main types 
o f  metabol ism (e.g., saprophagous, phytophagous, hepatophagous). 
3. A r t i f i c i a l  media should be avs i lab le  f c r  the large-scale colonizat ion or  
maintenance o f  uniform batches o f  tes t  insects (through one complete stage, 
through one generation, o r  through many generations). I n  some cases, 
gnotobiot ic  as we1 1 as axenic cu l ture  methods are known and have been 1 i sted. 
I n  such cases, the only break of  gnotobiot i c  condit ions would be the 
introduct ion o f  the lunar sample i n t o  the cu l tu re  vessel. 
4. The species should be avai lable i n  the United States, end i t s  suppl iers 
should have i t  i n  continuous stock cul ture.  
There are ce r ta in  in te rs ta te  ( ~ e d e r a l  Plant Pest Act o f  May 23, 1957) end 
i n t r as ta t z  regulat ions concerning shipment o f  insects. Authorizat ion t o  trans- 
p o r t  insects across s ta te  and cou,:ry l i nes  should be requested. Such permits 
are obtained frm each State Bureau of Plant Quarantine, from the U.S. 
Oep~rtmltnt o f  Agriculture,and from the U.S. Pub l i c  Health Service. 
I n  view o f  the complexity of some reari 'ng procedures or  o f  some d i e t  
formulations, i t  i s  suggested tha t  a r e p r i n t  o f  each paper mentioned i n  t h i s  
protocol  be obtained, o r  a copy be prepared on m ic ro f i lm  o r  microcards, t o  be 
stored permanently i n  the l i b r a r y  o f  the Lunar Sample Receiving Laboratory, 
as a ready source o f  information. 
If quanta1 bioassay i s  required (ED o r  LD50 determinations), computer 50 
programs sha l l  be used f o r  the es t imat ion  o f  the median dose and o f  the  slope. 
The Durachta-Schenk program for  the I BM 1401, based on .Berkson1s l o g i  t ch i  
square method ( ~ u r a c h t a  e t  al . ,  1965) i s  i n  use a t  the  Corva l l i s  Forestry 
Sciences Laboratory. Another program i s  ava i l ab le  a t  the Un ive rs i t y  o f  
Kansas. 
I n  case o f  p o s i t i v e  response a f t e r  exposure t o  the  lunar sample, the  
s t ruc tu ra l  o r  biochemical ';,'ens could be e a s i l y  and simultaneously 
in terpre ted by a number o f  s p e c i a l i s t s  throughout the country. The diagnosis 
w i l l  be f a c i l i t a t e d  if the t e s t i n g  laboratory w i l l  f o l l o w  a care fu l  d iagnost ic  
procedure as the  one ou t l i ned  by Steinhaus and Marsh (1962). A set of data 
sheets has been reproduced i n  t h e i r  paper and has been i n  use f o r  var ious years 
i n  D r .  Steinhaus ' laboratory. 
References 
Durachta, C.W., C.E. Schenk, R.G. Dick, and F.M. Sturtevant.  1365. 
Bact . Reviews 29 : 550-576. 
Steinhaus, E.A. anc' G.A. Marsh. Hi lgard ia  ( ~ n i v e r s i  t y  of ~ a l  i f o r n i a )  
33 : 349-490, 1962. 
5ENERAL TESTING 
1. Proper control  batches sha l l  be maintained under ident ica l  experimental 
conditions t o  those o f  the exper imentals exposed t o  the lunar sample. 
2. S t e r i l i t y  tests sha l l  be performed a t  regular in terva ls  i n  work involv ing 
axenic cul  tu'res. 
3. lnocula sha l l  be del ivered by means o f  a microin jector .  
(AGLA micrometer syringe, Burroughs We1 1 cane an J Co., Inc., Tuckahoe, 
New ~ o r k )  
4. Standard 0.25 m l  tubercul i n  syringes, . individual l y  ca l  ibrated and inserted 
i n  the AGLA micrometer sha l l  be used. 
5. Steel needles, gauge 30, sha l l  be used f o r  intrahemocoelic in ject ions.  
(BD Yale, Luer-Lok, 1 inch, regular point)  
6 .  The integument sha l l  be d is in fec ted w i t h  a so lu t ion  o f  Hyamine 10 X 
(Rohm and Haas Company), 0.4 percent aqueous. 
7. Peroral inoculat ions sha l l  be performed by means o f  glass microcatheters 
inserted i n Tuohy adapters ( ~ a r  t i  gnon i , 1955, 1959). 
3. A1 1 inoculat ions sha l l  be performed a f t e r  the insects have been anesthetized 
w i t h  ether or  w i t h  carbon dioxide. I f  the Insect should move during the 
i n j ec t i on  procedcre, damage may be i n f l i c t e d  t o  in terna l  organs; the mid- 
gut may be ruptured. 
References : 
Martignoni, M. E., 1955, Science 122: :64. 
Martignoni, M. E., 1959, J. Insect Pathol. 1: 294-296. 
GENERAL EVALUATiON PROCEDURES 
The e f f e c t s  of the lunar sample on insects should be evaluated 
according t o  the fo l l ow ing  c r i t e r i a :  
I ;  The surv iva l  r a t e  
Th is  i s  the r a t i o  of the  number o f  insects a t  completion o f  
the  t e s t  t o  the  i n i t i a l  number o f  insects. The surv iva l  r a t e  
must be determined f o r  both the t e s t  group and the  con t ro l  
group. If no di f ferences are found between t e s t  and con t ro l ,  
the  fo l l ow ing  are determined: 
2. The mean growth r a t e  
Th is  can be determined by measuring lengths o r  weights o f  
insects a t  establ ished i n t e r v a l s  dur ing  the t e s t i n g  period. 
The t e s t  and con t ro l  growth r a t e  s h a l l  be compared. 
3. The maturat ion time 
Th is  i s  the  t ime required t o  complete the  l a r v a l  stage, from 
the  beginning o f  the  t e s t  t o  f i n a l  metamorphosis ( t o  the a d u l t  
- stage) . 
4. The maturat ion r a t e  
Th is  i s  the r a t i o  o f  adu l t s  appearing i n  the t e s t  group t o  the 
in i t ia1,number o f  insects. Test and cont ro l  maturat ion r a t e  s h a l l  
be conpared. O f  course, t h i s  can be deterr;ined on ly  i f  the l a r v a l  
d i e t  i s  adequate f o r  the complzte development t o  the adu l t  stage. 
This value i s  comparable, but  not i den t i ca l  t o  the surv iva l  rate. 
5 .  Tho f e r t i l i t y  o f  the adu l ts  
6. The reproduct ive indices 
These can be determined i n  order t o  detect subt le and chronic 
e f f ec t s  o f  the lunar sample. 
The determination o f  the surv ival  r a te  sha l l  be adequate f o r  the 
evaluation o f  the "acute t ox i c i t y "  o f  the lunar sample. The determination 
o f  the growth ra te  and o f  the maturation time w i l l  serve t o  detect less 
drast ic ,  but equal ly important e f f ec t s  o f  the lunar sample. 
CLASS INSECTA 
ORDER ORMOPTERA 
FAMILY BLATTIDAE 
B l a t t e l  l a  q e r m n i  ca (Linnaeus) , (German cockroach) 
The avat l a b i  1 i t y  o f  two phys i o l o g i c a l  types o f  the same species (normal 
aad aposymbiotic) may prove o f  advantage f o r  the detec t ion  o f  sub t le  e f f e c t s  
o f  the lunar sample on the host. The aposymbiotic animal can be considered 
a "weaktt var ian t .  
1. Maintenance 
a. Equipment 
Colonies s h a l l  be reared i n  large g lass Jars or  i n  the Tolworth 
system. I n  t h i s  system colonies are kept  i n  larvae cages 40 cm 
h igh and 20 cm i n  diameter w i t h  per forated metal l i d s ,  p l a s t i c  
sides, and metal lases. 
b, Feeding 
(1) Water s h a l l  be ava i l ab le  a t  a1 1 times i n  cotton-stoppered v i a l s .  
(2) Two d i e t s  are recmended :  
(a) 01 i g i d i c  medium  r rooks mod i f i ca t i on  o f  Haskins formula). 
9 l b  r o l l e d  oats 
9 I b  "toppings" or  whole wheat or  Red Dog (bran feed) 
1 l b  f i s h  meal 
1 I b  yeast, d r i e d  
1 l b  corn o i l  (or 2 cups) 
The oats are f i r s t  pu lver ized i n  a Waring blendor. A f t e r  
a l l  the ingredients are nixed, the d i e t  i s  s tored i n  a freezer 
i n  a t i g h t l y  stoppered j a r .  
For aposymbiotic animals the f o l l w i n g  d i e t  s h a l l  be 
used : 
4 par ts  o f  the above mlxture 
1 p a r t  o f  yeast 
0.1% Aureomyci n-HC 1 ( ~ e d e r  le )  
b) H o l i d i c  medium 
A modif ied  Noland d i e t  , w i t h  cyanocobalami ne (Gordon, 
1959). Improved formulat ions may be ava i l ab le  d i r e c t l y  
from Dr .  H. T. Gordon. 
c. Temperature 
The pre fer red temperature i s  30'~. 
A minimum o f  27.70C i s  required f o r  breeding. Cockroaches 
can be maintained a t  24-2S0C wi thout  d i f f i c u l t y .  
d. Handling 
A long p a i r  o f  f i n e  forceps s h a l l  be used t o  p i c k  up an i n d i v i d -  
ual ,  hold ing i t  i n  the q i d d l e  o f  the abdomen. 
Carbon dioxide, c h i l l i n g ,  o r  a combination o f  both s h a l l  be used 
t o  subdue a large number o f  animals. 
Chloroform vapor i s  l e t h a l  t o  cockroaches. 
Exposure 
a. Measured amounts o f  the lunar sample s h a l l  be added t o  the rea r ing  
containers. 
b. The lunar sample s h a l l  be incorporated i n t o  the d i e t .  
c. A suspension, f i l t r a t e ,  o r  e x t r a c t  o f  the lunar sample s h a l l  be 
inoculated i n t o  the hemocoel o f  cockroaches. 
Assesssent 
a. The e f f e c t s  o f  the lunar sample s h a l l  be eval~eated according t o  
the f o l l m i n g  c r i t e r i a :  
Surviva 1 r a t e  
Mean growth r a t e  
Maturat ion time 
Maturat ion r a t e  
F e r t i l i t y  o f  the adu l t s  
The reproduct ive ind ices  
b .  Mol t i ng  frequency s h a l l  be by the use o f  Tes tor 's  tlDope'l ye l low p a i n t  
t o  mark shed c u t i c l e s  (Brooks 1965). 
4. References 
Brooks, M.A., 1965. Ent.  Expt. e t  Appl. 8: 39-48. 
Gordon, H.T., 1959. Annals N.Y. Acad. Sci .  77(2): 290-351. 
The UFAW Handbood on the Care and Management o f  Laboratory Animals, 
3rd Ed.,1967, Wil l iams and Wi lk ins ,  Balt imore. 
5 .  Source 
Insects reared on a minimal d i e t  are ava i l ab le  from: 
D r .  H.T. Gordon 
Department o f  Entomology and Parasi to logy 
Un ive rs i t y  o f  C a l i f o r n i a  
Berkeley, Cal i f o r n i a  94720 
Aposymbiotic cockroaches (deprived o f  t h e i r  bacteto ids)  are ava i l ab le  
from: 
D r .  Marion A. Brooks 
Depar tmen t of Entomology 
Un ive rs i t y  o f  Minnesota 
S t .  Paul, Minnesota 55101 
CLASS i NSECTA 
C R X R  HOMOPTERA 
FAMILY APHIDIDAE 
Myzus pers icae (Sul zer),  (green peach aphid) 
The green peach aphid i s  a cosmopolitan species and an important vector 
of  many p l a n t  viruses. 
I. Maintenance 
a. Equipment 
A special  cage, which presents the aphids w i t h  the  d i e t  enclosed 
i n  a p a r a f i l m  sachet, has been described by M i t t l e r  and Dadd (1964). 
b. Feeding 
(1) Natural host 
The aphid sha l l  be reared on seedlings o f  yel low mustard, 
Brassica campestri s (L. ), o r  l e a f  mustard, Brass ica  iuncea Coss. 
(2) H o l i d i c  medium 
Myzus pers icae sha l l  be fed through an a r t i f i c i a l  membrane i n  
absence o f  i t s  host p l a n t .  
Synthet ic d i e t s  adequate f o r  the  development of  ap ter i fo rm and 
a la t i f o rm larvae from b i r t h  t o  the adu l t  stage are l i s t e d  by Dadd and 
M i t t l e r  (1965). Since these d i e t s  are  c u r r e n t l y  being imr~roved, the 
composition o f  the l a t e s t  optimal d i e t  should be obtained d i r e c t l y  
from D r .  T.E. M i t t l e r .  
2. _Exposure 
a .  A suspens ion , f i l t r a t z ,  o r  ex t rac t  o f  the lunar sample sha l l  be added t o  
the l i q u i d  d i e t .  
b .  Aphids sha l l  be exposed d i r e c t l y  t o  the lunar sample wh i le  r e s t r i c t e d  
i n  the small feeding cages. 
3. Assessment 
a. The e f f e c t  o f  the lunar sample sha l l  be determined by the fo l lowing 
c r i t e r i a :  
Survival r a t e  
. Mean growth r a t e  
k t u r a t  ion t ime 
F e r t i l i t y  o f  the adu l t s  
Reproductive indices 
b. The l u n ~ r  sample may modify the a b i l i t y  o f  Myzus pers icae t o  t ransmit  
one o r  more p lan t  viruses. An experimental procedure could be planned t o  
t e s t  the vector  a b i l i t y  o f  exposed aphids. A p l a n t  pa tho log is t  should be 
consulted. 
4. References 
M i t t l e r ,  T.E. and R.H. Dadd. 1964. Ann. Ent. Soc. h e r .  54: 139-140. 
Dadd, R. H. and T.E. M i t t l e r .  1965. J. Insect Physio l .  11: 717-743. 
5. Source 
Dr .  T.E. M i t t l e r  
Department o f  Entomology and Parasi to logy 
Un ivers i ty  o f  Cal i f o r n i a  
Berkeley, Cal i f o r n i a  94720 
CLASS INSECTA 
ORDER LEP I DOPTERA 
FAMILY GALLERIIDAE 
G a l l e r i a  mel lone l la  (~ innaeus) , (g reater  wax moth) 
I. Maintenance 
a. Rearing 
(1) Xenic method 
(a) The insects are reared on the  fo l l ow ing  medium: 
Honey (sage, c lover ,  o r  orange blossom: st ra ined) 100 m l  
Glycerine 100 m l  
Water 50 m l  
Vitamins (~eca-Vi-Sol  teaspoon vi tamins, Mead 5 m l  
Johnson Laborator ies) 
Precooked mixed cereal ( ~ a b l  um, Edward Dal ton 1200 m l  
(not packed) 
Company 
The l i q u i d s  are mixed together and then the Pablurn s t i r r e d  
in. The medium i s  placed i n  one-gallon, wide-mouth j a r s  t o  a 
depth o f  one and one-half  t o  two inches. 
Three or  four  fo lded paper towels are placed i n  each j a r  
t o  f a c i l i t a t e  harvest ing o f  the larvae. The larvae extend 
t h e i r  feeding tubes up i n t o  the paper and can be e a s i l y  
re t r i eved  by un fc ld ing  the towels ( ~ o b e r t s ,  1966). 
. ( b )  Six-daoe o l d  t e s t  larvae are placed s ing l y  onto p e l l e t s  o f  
o f  food using a very f i n e  brush. Each larvae is then placed 
i n t o  a 15 x 50 mm p l a s t i c  v i a l  stoppered w i t h  a p lug  o f  non- 
absorbent cot ton.  
The food pe l !z ts  sha l l  be prepared as fo l lows:  The 
lunar sample o r  an ex t rac t  i s  s t i r r e d  i n t o  the  honey-glycerine- a 
v i tam in  mixture, which i n  t u r n  i s  we l l  mixed w i t h  the Pablum. 
The food mass i s  pressed i n t o  a P e t r i  p l a t e  u r c t i l  the p l a t e  i s  
f i l l e d  leve l .  Even-sized p e l l e t s  o f  food are cu t  with a number 
- 2  cork borer.  These g e l l e t s  can be e a s i l y  e jected from the 
borer  i n t o  the v i a l s  (Burges). 
(2) Axen i c  met hod 
Surface s t e r i l i z a t i o n  o f  G a l l e r i a  ~ n e l l o n e l l a  eggs and preparat ion 
o f  an a s q t i c  d i e t  are described i n  d e t a i l  by Waterhouse (1959). 
The composition o f  the d i e t s  i hou ld  be obtained d i r e c t l y  from 
D r .  Waterhouse. 
b. Temperature 
The colony sha l l  be held a t  30'~. 
2. Exposure 
a .  The lunar sample sha l l  be placed i n  small rear ing  containers i n  contact 
w i t h  the larvae. 
b. A suspension f i l t r a t e  or  ex t rac t  o f  the lunar sample sha l l  be incorporated 
i n t o  the l a r v a l  f d .  Twenty-five larvae s h a l l  be used f o r  each t e s t  
.group (Burges) . 
3. Assessment 
The e f f e c t  of thtr. i u ~ s r r  sa~nple sha l l  be evaluated according t o  the 
f o l  luwing c r i t e r i a :  
Surv ival  r a t e  
hean growth r a t e  
Maturat ion r a t e  
F e r t i l i t y  o f  the adu l ts  
Reproductive indices 
4. References 
Burges, D.H., Personal comnunic~tion t o  M.E. Martignoni. 
Roberts, D.W. 1966. J. Invertebrate Pathol. 8:21?-221. 
Waterhouse, D.F. 1959. Ann. N.Y. Acad. Sci. 77(2): 283-289. 
5. Sources 
Mr .  G. L. Finney 
Div is ion o f  Bio logical  Control 
Univers i ty o f  Cal i fo rn ia  
1050 San Pablo Avenue 
A1 bany, Cal i fo rn i  a 94706 
Composition o f  optimal d i e t :  
Dr .  D.F. Waterhouse 
Div is ion o f  Entomology 
Commonwealth S c i e n t i f i c  and Indust r ia l  Research Organization 
Canberra, Aust ra l ia  
CLASS INSECTA 
ORDER LEPIDOPTERA 
FAMILY LYMANTRIIDAE 
Hemerocampa pseudotsuqata ~ c ~ u n n o u g h  ( ~ o u g  1 as-f i r tussock moth) 
1. Maintenance 
a. Pre-conditioning 
If the eggs are co l lec ted i n  the f a l l ,  they sha l l  be exposed t o  
5% f o r  6-8 weeks i n  order t o  f u l f  i 11 the diapause requirements. 
b. Rearing 
(1) The eggs sha l l  be incubated i i p l a s t i c  Pe t r i  dishes. 
(2) At hatching, the larvae sha l l  be t ransferred t o  cubes o f  an a r t i f i c i a l  
(01 i g i d i c )  d i e t .  This d i e t  i s  a modif ied Vanderzant-Adkisson mixture 
as described by Lyon and Flake (1966). 
(3) M r .  K.M. Hughes, o f  the Corval 1 i s  Forestry Sciences Laboratory, 
found that  the add i t ion o f  13 m l  o f  l i no l en i c  acid (55%) t o  the 
formulat ion ou t l i ned  by Lyon and Flake i s  h igh ly  benef ic ia l  f o r  the 
successful completion o f  the adu l t  metamorphosis. 
If larvae only are t o  be used as tes t  animals, 1 inolenic acid 
may be omitted. 
c .  Temperature 
Eggs sha l l  be incubated a t  25O~. 
2. Exposure . 
a .  Suspensions o r  ex t rac ts  o f the lunar sample (5 p1 per larva) sha l l  be 
used i n  the peroral inoculat ion o f  the larvae. 
Larvae weighing 70-80 mg sha l l  be used. 
b. Measured amounts o f  the lunar sample sha l l  be incorporated i n t o  the d i e t .  
c .  lntrahemocoelic inoculat ion o f  larvae sha l l  be performed using suspensions. : 
o r  ex t rac ts  o f  the lunar sample i n  5 m i c r o l i t e r  amounts. 
The sample s h a l l  be added t o  0.01 M T r i s  buf fer  (2-amino-2-hydroxy- 
methyl-1-1 ,3-propanediol), pH 7.0. 
3. Assessment 
a. The e f f e c t  of the lunar sample s h a l l  be evaluated according t o  the 
f o l l m i n g  c r i t e r i a :  
Surv ival  r a t e  
Mean g r m t h  r a t e  
Maturat ion time 
Ma tu ra  t i on r a t e  
F e r t i l i t y  o f  the adu l t s  
Reproductive indices 
b. Hemerocampa pseudotsuqata larvae are  very suscept ib le t o  a number 
o f  v i r u s  diseases. Changes i n  suscep t ib ; l i t y  as measured by an 
increase or  decrease o f  the LDS0 f o r  two v i ruses should be considered. 
Iso la tes  are ava i l ab le  from D r .  M. E. Mart ignoni.  
c. V i r a l  induct ion may a l s o  occur, and attempts 'should be made t o  detec t  
. it. The diagnosis o f  the two v i r u s  diseases most l i k e l y  t o  occur 
under stres5, nucleopolyhedros i s  and cytoplasmic polyhedros i s ,  i s  
r e l a t i v e l y  easy. 
I f  a t e s t  o f  t h i s  type w i l l  prove f e a s i b l e  as p a r t  o f  the lunar 
sample tes t i ng  program, de ta i l ed  i ns t ruc t i ons  can be obtained from 
D r .  M. E.  Mart ignoni.  Reagents f o r  the immunohistochemical diagnosis 
o f  nucleopolyhedrosis are  a l s o  ava i l ab le  from D r .  Mart ignoni .  
4. Reference 
Lyon, R. L. and Flake, H. W., Jr . ,  1966. J. Econ. Entomol. 59(3) :696-698. ! 
5. Source 
Surface-steri l ized post-diapause eggs are now avai lable i n  l imited 
quant i t i e s  throughout the year from: 
Dr. M.E. Martignoni 
Forestry Sciences Laboratory-U.S.D.A. 
3200 Jefferson Way 
Corval l is ,  Oregon 97331. 
CLASS INSECTA 
ORDER COLEOPTERA 
Tenebrio mol i t o r  (mealworm) 
1. Maintenance 
a. Equipment 
Tenebria sha l l  be kept i n  covered containers, glass beakers, o r  
jars.  
b. Rearing 
(I) The mealworm can be raised on d i e t  o f  r o l l ed  oats (~uake r  oat@), 
bran, o r  other grains. This furnishes the substrate t o  which 
apples, dr ied vegetables, and dog b i scu i t s  may be added. 
(2) The colony can be maintained a t  room temperature. Higher 
temperatures are preferable f o r  breeding (28 - 30°c). 
(3) The optimal r e l a t i v e  humidity i s  80%. 
2. Exposure 
a. The lunar sample, as a powder o r  sediment, sha l l  be mixed w i th  the 
substrate which i s  a lso i n  the food. It should be read i l y  ingested 
during normal feeding by the la rva l  forms. 
b. A l l  stages o f  the l i f e  cycle--larvae, pupae, adul ts and eggs--shall be 
simultaneously exposed by surface contact. 
3. Assessment 
a. The surv iva l ,  growth, and development o f  the larvae sha l l  be observed. 
b. The maturation ra te  sha l l  be determined. 
c. The mealworm shal l  be held f o r  the completion o f  i t s  l i f e  cycle and the 
e f f ec t  o f  the lunar mater ia l  on the cycle, determined by a comparison ! 
w i t h  the control .  
4. References 
Anon., 1954, Mealworms, U.S.D.A. Leaf let  No. 195. 
Fraenkel, G., M. Blewett, and M. Coles, 1950, The Nut r i t ion  o f  the 
Mealworm, Tenebrio mol i to r  (Tenebrionidae   ole opt era) , Physiol . tool, 
Lutz, eta., 1959, Culture Methods for Invertebrate Animals, Dover 
Pub1 ications, Inc., New York, New York. 
The UFAW Handbook on the Care and kanagement o f  Laboratory Animals, 1967, 
3rd edit ion, Williams and Wiikins Co., Baltimore, Maryland. 
5. Source 
Genera1 Biological Supply House ( ~ u r t o x )  
CLASS INSECTA 
ORtlER COLEOPTERA 
FAMILY CURCULIONIDAE 
Anthonomus grand i s   oh em an ,( boll weev i 1) 
1. Maintenance 
a. Rearinq 
(1) A mer id ic  d i e t  has been developed by Venderzant and her associates 
(1959, 1963). The l a t e s t  improvements o f  t h i s  d i e t  have been con- 
sidered i n  the fo rmula t ion  o f  a mix ture  su i tab le  f o r  b o l l  weevi l  
larvae and adul t s  (S te r l  i ng  and Adki sson, 1966). 
The major p o r t i o n  o f  the v i t am in  mix ture  i s  ava i l ab le  commercially 
as "Vanderzant Mod i f i ca t i on  Vi tamin Mixture." 
(2) An asept ic  rea r ing  method has been described i n  de ta i  1 by Vanderzant 
and Davich (1958). 
Eggs s h a l l  be s t e r i l i z e d  us ing  a germicidal bath. 
b .  Temperature and L i g h t i n g  
No specia l  cond i t ions  are required. 
2. Exposure 
a .  Measured amounts o f  the lunar  sample e x t r a c t s  sha l l  be incorporated i n  
the s o l i d  d i e t .  
b .  Eggs s h a l l  be bathed i n  graded concentrat ions o f  the suspension o r  ex t rac ts .  
3. Assessment 
The e f f e c t  of the lunar sample s h a l l  be evaluated according t o  the f o l -  
lowing c r i t e r i a :  
Su rv i va l  r a t e  
Matura t ion  time 
Matura t ion  r a t e  
F e r t i l i t y  o f  the adu l t s  
Reproductive indices 
4. Reference 
Ster l ing ,  W.L., and P.L. Adkisson, 1966. J. Econ. Entomol. 59: 1074-1077. 
Vanderzant, E.S., 1963. J. Econ. Entomol. 56: 357-362. 
Vanderzant, E.5. and T.V. Davich, 1958. J. Econ. Entomol. 51: 288-291. 
5.  Source 
Vanderzant Mod i f i ca t i on  Vitamin Mixture: 
N u t r i t i o n a l  Biochemicals Corporat ion 
21010 Mi les  Avenue 
Cleveland, Ohio 44128 
A laboratory s t r a i n  o f  Anthonornus grandis (establ ished i n  1957) can be 
obtained from: 
D r .  Erma S. Vanderzant 
Entomology Research D iv i s ion  
U.S. Department o f  Ag r i cu l tu re  
College Stat ion,  Texas 
CLASS INSECTA 
ORDER HYMENOPTERA 
FAMILY APIDAE 
Apis me1 1 i f e r a  Linnaeur (hone bee) 
1. Maintenance 
a .  Equipment 
Observation h ives  sha l l  be used. 
b . Rearing 
(1) Observation h ives do not  requ i re  much a t ten t i on ;  the bee workers 
w i  11 care f o r  the progress and hea l th  o f  the colonies.  
(2) Larvae can be obtained from combs w i t h  both capped and uncapped brood 
by a method described i n  d e t a i l  by Daly (1964). 
(3) The larvae can then be reared s i n g l y  i n  g e l a t i n  capsules, according 
t o  a mod i f i ca t i on  o f  the Jay technique (Daly, 1964). 
2. Exposure 
a. Measured amount o f  the lunar sample s h a l l  be introduced i n  the a r t i f i c i a l  
Jay c e l l s  f o r  var ious per iods o f  time. 
b. Measured amounts o f  suspensions o r  o f  e x t r a c t s  o f  the lunar  sample sha l l  
be introduced by means o f  a microsyr inge and 25-gauge hypodermic needle 
i n  the l a r v a l  food (Rotherbuhler and Thompson, 1956). 
One row o f  larvae i n  a comb should be used as con t ro l  f o r  each two 
rows o f  t e s t  larvae (Bamrick and Rotherbuhler, 1961). 
3. Assessment 
a.  The e f f e c t  o f  the lunar sample sha l l  be evaluated according t o  the 
fo l l ow ing  c r i t e r i a :  
Surv iva l  r a t e  
Mean growth r a t e  
Maturat ion time 
I h t u r a t  ion r a t e  
Fe r t  i 1 i t y  of the adu l t s  
Reproductive ind ices  
b. Apis m e l l i f e r a  i s  a soc ia l  insect ,  w i t h  castes, and as such i t  o f f e r s  
an oppor tun i ty  t o  detect  behavioral  abnormal i t ies caused by exposure 
t o  the lunar  sample. 
Adu l t  workers developing from larvae which survived the exposure 
t o  the lunar  sample can be marked and observed i n  the colonies.  
Reject ion o r  abnormal behavior should be noted and in te rpre ted .  
4. Reference 
Daly, H.V., 1964. Un ive rs i t y  o f  C a l i f o r n i a  Pub1 i ca t i ons  i n  Entomology 
39: 1-77. ( ~ n i v e r s i  t y  o f  Cal i f o r n i a  Press, Berkeley, Cal i f o r n i a )  . 
Hi tcncock, J.D., 1966. J.  Econ. Entomol . 59: 1154-1 156. 
Bamrick, J.F. and W.C. Rothernbuhler, 1961. J. Insect  Pathol.  3: 381-390. 
Rothenbuhler, W.C. and V.C. Thompson, 1956. J. Econ. Entomol. 49: 470-475. 
5. Source 
Observation h ives are recommended: 
General B io log i ca l  Supply House, 8200 South Hoyne Avenue, Ch icago , l l l i no i s ,  
60620, (~ata l .  No. 220 A 18). 
CLASS INSECTA 
ORDER D l  PTERA 
FAMILY CULlClDAE 
Anopheles quadrimaculatus Say (common malar ia  mosquito) 
1 . Maintenance 
a .  Rearing 
(I) Eggs s h a l l  be used t o  produce larvae and adu l ts . 
(2) Guinea p igs  o r  r a b b i t s  s h a l l  be provided t o  a', i n t a i n  adu l t  mosquitoes, 
i f  tes ts  are t o  be extended t- t ha t  stage. 
(3 )  The step-by-step rear ing  procedure out1 ined by Trembley (1955, pages 
14- 15) i s recommended. 
(4) A standardized feeding technique has proved qui  t e  successful w i  t h  
Aedes aeqypt i  adu l t s  (Gerberg e t  a l . ,  1966). The same technique 
-
may prove feas ib le  f o r  Anopheles quadrimaculatus. 
b.  Temperature and L i g h t i n g  
No specia l  cond i t ions  are required. 
2. Exposure 
a. Larvae 
A l i quo ts  o f  the lunar sample o r  e x t r a c t s  sha l l  be added t o  the 
so lu t i on  i n  the l a r v a l  c u l t u r e  t rays.  
Larvae s h a l l  be - inoculated d i r e c t l y  w i t h  modif ied forceps (Clark, 
1966) . 
b .  Adults 
Suspensions o r  ex t rac ts  o f  the lunar  sample sha l l  be fed d i r e c t l y  
t o  adu l t  mosquitoes by means o f  co t ton  b a l l s  o r  o f  paper pads soaked i n  
the t e s t  so lu t ion .  
3. Assessment 
The e f f e c t  of the lunar sample sha l l  be evaluated according t o  the 
fo l l ow ing  c r i t e r i a :  
Surv ival  r a t e  
Mean growth r a t e  
Maturat;on time 
Maturat ion ra te  
F e r t i l i t y  o f  the adu l t s  
Reproductive indices 
4. Reference 
. Trembley, H.L., 1955. American Mc-qu i to  Control Associat ion Bu l l .  
No. 3: 1-73 ( ~ o s q u i  t o  Cul tu re  Techniques and Experimental Procedures). 
Clark, T.B., 1966. J .  Inver tebrate Pathol. 8: 425-426. 
Ge;berg, E.J., L.T. Richard, and J.B. Poole, 1966. Mosquito News 26: 
359-363. 
5. Source 
Mosquito colonies are ava i lab le  i n  many pub l ic -hea l th  and parasi to logy 
iaborator ies (Un ivers i t ies ,  State Laborator ies U.S. Department o f  Agr icu l tu re)  
as we l l  as a t  the Co~nmunicable Disease Center, Pub l ic  Health Service, At lanta,  
Georgia 30333. 
CLASS INSECTA 
ORDER DIPTERA 
Drosophi la melanoqaster ( f r u i t  f l y )  
A wi ld- type s t r a i n  known as "Canton S," which has a low na tu ra l  mutat ion 
frequency, i s  recommended. 
1 . Maintenance 
a. Equipment 
The c o n v e n t i o n a l  conta iners f o r  breeding large numbers o f  Drosophi la 
are h a l f - p i n t  m i l k  b o t t l e s .  
b. L i g h t i n g  
No special  cond i t ions  are required. 
c. Temperature 
The opt imal temperature i s  24-25'~. 
d. Humidity 
The opt imal humidi ty  i s  40-59%. 
e. Cul ture 
. (1) The substrate sha l l  be a cornmeal, syrup, and agar mixture.  
(2) The formula fo r  the c u l t u r e  medium i s  as fo l lows:  
Yellow cornmeal 125 gm 
Dried Brewer's yeast 25 9m 
Agar 20 gm 
Su l fu r - f ree  cane syrup 125 ml 
Propionic  ac id  11.5 m l  
Cold water 1,223 m l  
L i ve  yeast (Fleishmans) 1 cake 
Mix d ry  ingred ien ts  we l l .  Add syrup; mix we l l .  Add water; 
mix w e l l .  Cook i n  double b o i l e r  f o r  30 minutes on low heat, s t i r r i n g  
occasional ly  so t h a t  the food w i l l  no t  s t i c k .  A t  the end o f  the 
cooking time, s t i r  i n  p rop r ion i c  acid. Put food on medium heat; 
l e t  come t o  b o i l  and pour. 
(3) This  makes about 24 h a l f - p i n t  m i l k  b o t t l e s .  Pour about 3/4-inch 
thickness of food i n t o  each prev ious ly  s t e r i l i z e d  b o t t l e .  Immediately 
add three drops o f  a t h i c k  s;spension o f  l i v e  yeast t o  each b o t t l e .  
Cover completely by p u t t i n g  b o t t l e s  i n t o  a t r a y  and enclos ing the 
t r a y  i n  a co t ton  sack. A1 low t o  d ry  overn igh t  a t  24-2S0c. Before 
use, add 2-inch squares o f  c e l l u c o t t o n  (or  pieces o f  s t e r i l e  cot ton)  
t o  each b o t t l e  and push them down i n t o  the food, us ing a flamed g lass 
rod. The larvae w i l l  crawl up and pupate on the ce l l uco t ton .  Stop- 
pers may be made o f  s t e r i l e  cot ton,  o r  "dispoplugs'' made o f  styrofoam. 
f. Handling 
(1) I t  wi 11 be necessary t o  e the r i ze  the f 1 i es  before they are pu t  i n t o  
the food b o t t l e s .  Th is  i s  accomplished by shaking the f l i e s  from 
a newly-hatching c u l t u r e  b o t t l e  o f  "Canton Sl1 s tock i n t o  an empty 
h a l f - p i n t  m i l k  b o t t l e  and c l o s i n g  i t  t i g h t l y  w i t h  a cork  stopper 
to which has been tacked a p iece o f  absorbent co t ton  f r e s h l y  soaked 
i n  anaesthet ic ether .  
(2) The f l i e s  w i l l  f a l l  t o  the bottom o f  the b o t t l e  w i t h i n  two o r  three 
minutes. When they have a l l  f a l l e n  onto t h e i r  s ides, they are 
e ther ized s u f f i c i e n t l y  t o  remain anaesthetized fo r  15 o r  20 minutes. 
Caution sha l l  be used t o  see tha t  they are not  e ther ized too long, P 
as manifested by t h e i r  wings being he ld  over t h e i r  bodies and t h e i r  3 
legs being he ld  i n  a completely s t ra igh tened-ou t  p o s i t i o n .  i 
(3)  Shake them out  onto a whi te counting board (Formica p la tes 2-1/2 
x 5 inches i n  size). 
(4) It i s  suggested that  v i r g i n  females be co l lec ted by shaking out 
and discarding a l l  the f l i e s  from a freshly-hatching cu l ture  a t  
about 4 o 'c lock i n  the afternoon, and holding the cu l tu re  u n t i l  
the fo l lowing morning. Then shake out and ether ize by 9 a.m. 
the f l i e s  that  have hatched overnight and separate males from 
females, using a small brushato move them around. The y ie ld ing  
cu l tu re  b o t t l e  can be emptied again a t  about 4 p.m. the samz 
afternoon and a fu r the r  separation o f  sexes made. 
(5) I n  t ransfer r ing the etherized f l i e s  t o  a f resh food bo t t le ,  the 
etherized f l i e s  should f a l l  onto the ce l lucot ton t o  prevent t he i r  
s t i ck ing  i n  the food. 
( 6 )  Hold each sex i n  separate food bo t t l es  u n t i l  ready t o  s t a r t  the 
tes t .  
(7) The freshly-hatched Drosophila mall: do.::s not mature u n t i l  18 hours 
a f t e r  h a t c h i ~ y ;  thus t h i s  procedure insures that  the females have 
not mated. 
Exposure 
a. The bo t t l es  sha l l  be divided i n t o  two l o t s  of  ten each. I n  one l o t  a ' 
so lu t ion containing the lunar sample sha l i  be added t o  the food j u s t  
a f t e r  i t  has been poured. 
b. Since the food w i l l  s t i l l  be hot, a small amount of  the so lu t ion shal l  
be dropped d i r e c t l y  onto the ce l lucot ton i n  each b o t t l e  t o  avoid the 
p o s s i b i l i t y  o f  k i l l i n g  any heat - lab i le  substance i n  the sample. 
c. The o ther  ten b o t t l e s  s h a l l  serve as c o n t r o l s  grown on normal c u l t u r e  
med i um. 
d. F i v e  of the i so la ted  males and f i v e  v i r g i n  females s h a l l  be added t o  
each o f  the b o t t l e s .  These are then stoppered and set  aside t o  propagate. 
el The adu l t  parents and the developing o f f s p r i n g  s h a l l  be exposed t o  the 
food conta in ing  the lunar  sample throughout t h e i r  e n t i r e  l i f e  cyc le.  
f .  Since the developmental stages are temperature dependent, i t  i s  h i g h l y  
important t ha t  the "treated" and the con t ro l  c u l t u r e  b o t t l e s  be maintained 
a t  the same temperatures. 
g. The l i f e  cyc le  a t  2 4 - 2 5 O ~  i s  as fo l lows:  
(1) Mating w i l l  take p lace a f t e r  24 hours from the t ime the parent f l i e s  
a re  e ther ized ( i f  v i r g i n  females and i so la ted  males are used). 
(2) Eggs w i l l  be l a i d  as soon as the females are f e r t i l i z e d ,  and by the 
t h i r d  day there should be enough eggs l a i d  t o  be v i s i b l e  t o  the naked 
eye as t i n y  whi te specks on the surface o f  the food. The females 
cont inue t o  l a y  eggs on food unworked by larvae f o r  about 5 days. 
(3)  Larvae on ly  s l  i g h t l y  l a rge r  than the eggs hatch out  a t  about 30 
hours a f t e r  the f e r t i l i z e d  eggs are l a i d .  These burrow i n t o  the 
food and grow a t  a f a s t  rate,  becoming fu l l -g rown larvae ( t h i r d  
i n s t a r )  on about the 5 t h  day a f t e r  the c u l t u r e  was s ta r ted .  They 
c l imb up onto the c e l l u c o t t o n  and the sides o f  the b o t t l e ,  become 
motionless, and pupate by the 6 t h  day. 
(4) The pupal stage l a s t s  about 5 days, when the adu l t s  emerge. 
Assessment 
a. A d a i l y  comparison o f  the su rv i va l  o f  the parents and the r a t e  o f  growth 
o f  the progeny o f  the cu l tu res  conta in ing  the lunar sample and the c o n t r o l s  i 
should reveal gross d i f ferences i n  su rv i va l  o f  the adu l t s  o r  i n  the 
developmental ra te .  
(1) Surv iva l  d i f f e rences  must be determined by a c t u a l l y  count ing the 
adu l ts  hatching i n  each o f  the groups. 
(2) It i s  customary t o  empty such cu l tu res  three times a f t e r  they 
begin t o  hatch, e t h e r i z i n g  and count ing the progeny each time. 
(3 )  They must no t  be emptied a f t e r  the 21st day a f t e r  they were o r i g i n a l l y  
s tar ted,  since second-generation progeny w i l l  be obtained. The 
e f f e c t  o f  the sample would be expected t o  be d i l u t e d  and the e f f e c t s  
o f  semi-starvat ion would tend t o  obscure the r e s u l t s .  
(4) About 500 o f f s p r i n g  w i  1 1  be expected t o  hatch from each b o t t l e ,  
g i v i n g  roughly 5,000 i n  the experimental and 5,000 i n  the con t ro l  
ser ies  o f  b o t t l e s .  
b. A s l i g h t l y  more labor ious t e s t  s h a l l  be used i n  order  t o  de tec t  e a r l y  
death, such as i n  the egg stage, by us ing  b o t t l e s  furn ished w i t h  food 
r e s t i n g  on removable spoons. The usual b o t t l e s  s h a l l  be used i f  the 
food i s  c a r e f u l l y  removed a f t e r  egg-laying. 
' ( 1 )  The surface o f  the food i n  the spoons s h a l l  be d i r e c t l y  scanned 
under a microscope a f t e r  removal from the b o t t l e s  o r  on the food + 
removed from the b o t t l e s .  
(2) The number o f  eggs l a i d  and hatched sha l l  be compared w i t h  the 
number o f  adu l ts  tha t  develop i n  the c u l t u r e  b o t t l e s .  
(3)  A la rger  number of eggs l a i d  as compared w i t h  adu l t s  hatching from 
exposed cu l tu res  would i nd i ca te  a tox i c  e f f e c t  r e s u l t i n g  i n  death 
o f  the developing embryo when compared w i t h  the con t ro l s .  i 
c. Toxic e f f e c t s  a c t i n g  d i r e c t l y  upon the parent f l i e s  should be not iced f 
w i t h i n  a week. E f f e c t s  on su rv i va l  o f  the progeny which have been fed 
on the lunar sample would be apparent by the end o f  two t o  three weeks. 
d. I f  r a d i o a c t i v i t y  i s  present i n  the sample, i t  would seem des i ra5 le  t o  
do a simple t e s t  f o r  the poss ib le  product ion o f  mutat ions. The chemical 
nature o f  the sample may a l so  be such tha t  mutat ions are produced by i t .  
A f a i r l y  simple genet ic  t e s t  s h a l l  be run i n  add i t i on  t o  the su rv i va l  
and r a t e  o f  development t e s t  t h a t  w i l l  g i ve  a r e l i a b l e  est imate o f  the 
mutat ion  ra tes  i n  the two ser ies.  The "Mu1 ler-5" method s h a l l  be used 
t o  de tec t  recessive l e t h a l  mutat ions i n  the X :hromosome. 
(1) Newly hatched "Canton S" males s h a l l  be i n jec ted  abdominally w i t h  
a s o l u t i o n  of the lunar sample. Sal ine s o l u t i o n  and a t e r r e s t r i a l -  
s o i l  so lu t i on  sha l l  be i n jec ted  i n  two con t ro l  ser ies.  
(2) In jec ted  males s h a l l  be crossed w i t h  v i r g i n  females o f  the "Mu1 ler-5"  
stock instead o f  t o  v i r g i n  "Canton S" females. 
(3) When the daughters hatch, they must be bred i nd i v idua l  l y  t o  t h e i r  
brothers.  
(4 )  The progeny o f  each r e s u l t i n g  c u l t u r e  s h a l l  be scanned (wi thout  
e the r i za t i on )  f o r  the product ion o f  "Canton S1& males. Any c u l t u r e  
i n  which these males are absent represents a separate l e t h a l  mutat ion 
produced i n  a mature sperm c e l l  o f  the t rea ted  fa the r .  
(5) I t  would be necessary t o  t e s t  about 1,000 o f  the daughters of the 
t rea ted  males, which could e a s i l y  be obtained from two o r  three 
o r i g i n a l  c u l t u r e  b o t t l e s .  
( 6 )  The " s p o n t a n e ~ u s ~ ~  o r  n a t u r a l l y  occur r ing  mutat ion r a t e  i n  t h i s  s tock 
i s  one o r  two l e t h a l s  per 1,000 cu l tu res .  Dominant l e t h a l s  induced ? 
i n  the X chromosome o f  the t reated male would show by a lowered 
r a t i o  o f  females t o  maies (normal ly about equal) among the progeny 
and a l so  by a lowered v i a b i l i t y  o f  the developing eggs and t h e i r  
hatchabi 1 i ty .  
e. I f  a s l i g h t  mod i f i ca t i on  of the procedure f o r  s e t t i n g  up the two ser ies  
o f  ten  b o t t l e s  each (comprising the su rv i va l  and development t es t )  i s  
made, i t  would be poss ib le  t o  t e s t  f o r  mutat ions tha t  might have been 
produced i n  t h e i r  o f f s p r i n g  which have been fed  food conta in ing  the 
lunar  sample dur ing  t h e i r  e n t i r e  l i f e  cyc le.  
(1) The modi f i ca t ion  necessary would be the s u b s t i t u t i o n  o f  "Mu1 ler-5"  
males as the parent f l i - es  instead o f  "Canton S." 
(2) Since the male and female o f f s p r i n g  t h a t  hatch may ca r ry  recessive 
l e t h a l s  among t h e i r  germ c e l l s ,  i t  would be necessary t o  breed t o  
a f u r t h e r  generat ion t o  de tec t  these mutat ions. 
(3) About 50 o f  the daughters tha t  hatch should be bred i nd i v idua l  l y  
t o  males from another s tock which are designated as b137. From 
each female about 20 daughters should be tested again by crossing 
t o  b137 males f o r  l e tha l s .  
' (4) The males from the o r i g i n a l  cross would be "Canton S,I1 and these 
could be tested f o r  l e t h a l s  i n  the standard way by crossing t o  
I'Mul ler -5"  males and then t e s t i n g  the i  r daughters f o r  l e t h a l  s. 
t , 
(5)   he genet ic  t e s t s  would requ i re  s i x  t o  seven weeks t o  complete. 
4. Source 
ItCanton S" s t r a i n :  
Dr. Edgar Altenburg 
Genetics Laboratory 
Rice Un ive rs i t y  
Houston, Texas 77001 
CLASS INSECTA 
ORDER DIPTERA 
FAMILY CALLIPHORIDAE 
Phormia reqina (~eigen),(black blow fly) 
1 . Ma i n tenance 
a. Rearing 
Axenic cultures of the blow fly from egg to adult shall be 
established from surface-sterilized eggs. 
Eggs for the axenic larval cultures are obtained from xenic stocks. 
The culture medium (rneridic) is a casein and vitamin mix, described 
by Cheldel in and Newburgh (1959). 
The larvae grow at a very fast rate and complete the larval stage 
at the fifth or sixth day. 
For continuous propagation, adult flies shall be maintained in xenic 
stock cul tures. 
b .  Temperature and Lighting 
Thi: culture shall be maintai~ed at 30°C. 
2. Exposure 
Varying concentrations of the extracts or filtrates of :he lunar sample 
shall be asceptical ly added to the larval culture mediun. 
Filf:rates shall be obtained by passage through a graded series of filters 
(e.g. Ki 1 1  ipore). 
3. Assessment 
a. Both daily weight giiin and larval length shall be measured. In sub- 
optimal rearing conditions the response of the two characteristics 
differs considerably (Cheldel in and ~ewburgh). 
b. The p r o t e o l y t i c  a c t i v i t y  i n  ex t rac ts  o f  media sha l l  be used as an 
ind i ca to r  o f  possib le lesions. The preparat ion o f  the medium ex t rac ts  
and the pro teo l  y t  i c  essay (Kuni t z  method) have been described by Brookes 
(1961a). 
The assay o f  the p r o t e o l y t i c  a c t i v i t y  i n  the medium should prove 
adequate i n  an i n i t i a l  ser ies o f  tes ts ,  
c. The amino ac id  matabolism leve l  o f  i n t a c t  f a t  bodies o f  axenic larvae 
sha l l  be used as another i nd i ca to r  o f  possib le les ions produced by the 
sample. 
A method using c14 amino acids as substrates has been mentioned by 
Brookes (1961b). D e t a i l s  o f  t h i s  method are not  pub1 ished. D r .  Brookes 
has agreed t o  furn' ish a step-by-step protocol ,  i f  so requested. 
The determinat ion o f  amino acid metabolism leve ls  by iso la ted f a t  
bodies s h a l l  be considered i f  more subt le e f f e c t s  o f  the lunar sample 
are suspected . 
4. Reference 
Brookes, V.J., 1961a. Siochim. e t  Biophys. Acta 46: 13-21. 
Brookes, V.J., 1961b. Amer. 2001. l (3 ) :  104. 
Cheldel in, V.H. and R.W. Newburgh, 1959. Ann. N.Y. Acad. Sci.  77(2): 
5.  Source 
Dr. V.J. Brookes 
Department o f  En torno 1 ogy 
Oregon State Un ive rs i t y  
Corva l l i s ,  Oregon 97331 
TISSUE CULTURE PROCEDURES 
ORDER LEPIDOPTERA 
Insect  c e l l  s t r a i n s  from the lepidopteran Antheraea e u c a l y p t i .  Scot t  
(Saturni  idae) have been establ  ished by Grace (1962) and are avai l a b l e  f o r  t es t i ng .  
1. Maintenance 
The composit ion o f  the c u l t u r e  medium has been described by Grace (1962) 
and the medium i s  commercially ava i lab le .  
Lobster blood plasma, a lso  commercially ava i lab le ,  may be subs t i tu ted  
i n  place o f  insec t  blood plasma. 
2. Exposure 
Measured amounts o f  the lunar  sample i n  s~ispension o r  e x t r a c t  shal.1 be 
added t o  the cu l tu res  
3. Assessment 
Changes i n  c e l l u l a r  p r o l i f e r a t i o n  and metabol ic a c t i v i t y ,  as we l l  as 
cytopath ic  e f f e c t s  s h a l l  be detected and measured o r  described according 
t o  usual t i ssue c u l t u r e  procedures. 
4. Reference 
Grace, T.D.C. 1962. Nature 195: 788-789. 
Grace, T.D.C., 1966. Establ  ishment o f  a L ine  o f  Mosqui t o  (Aedes A ., ,., L.) 
C e l l s  Grown i n  v i t r o .  Nature 211: 366. 
-- 
5. Source 
Cul ture medium and lobs ter  blood plasma: 
Grand I s l a n d  B io log i ca l  Company 
3175 Staley Road 
Grand Island, New York 14072 
(Catalog No. 159). 
Cul tures can be obtained from var ious research labora tor ies  i n  the 
United Statzs. In format ion on supp l ie rs  o f  t h i s  s a t u r n i i d  c e l l  s t r a i n  can 
be obtained from: 
Dr. M.E. Mart i3noni 
Forestry  Sc ienb:es Laboratory 
U.S.D.A. 
3200 Jef ferson Way 
Corva l l i s ,  Oregon 97331 
For in format ion on add i t i ona l  insec t  c e l l  l i n e s  o r  c u l t u r i n g  the fo l l ow ing  
i nd i v idua ls  should be consulted: 
Order Diptera 
Dr. Ear 1 C. Sui t o r  
Naval Medical Research I n s t  i t u t c  
National Naval Medical Center 
Bethesda, Maryland 20014 
Order Homoptera 
Dr. Kar l  Marmorosch 
Boyce Thompson I n s t i t u t e  f o r  Plant  Research 
Yonkers, New York 10702 
Order Orthoptera 
D r .  Edwin P. Marks 
Department o f  Biology 
Washburn Univers i  t y  
Topeka , Kansas 6660 1 
PHYLUP CHORDATA 
-- - 
THE PROTOCHORDATE S 
SUBPHYLUM TUNICATA 
CLASS ASC l D l ACEA 
Ciona i n t e s t i n a l i s  (sea s q u i r t )  
-
1. Maintenance 
a. Equipment 
(1) Animals sha l l  be kept i n  an aerated aquarium. 
(2) U n f i l t e r e d  normal sea water sha l l  be used. 
b. Feeding 
The animals are f i l t e r  feeders and requ i re  u n f i l t e r e d  normal sea 
water conta in ing small diatoms and algae. 
c. Temperature 
(1) The preferred temperature i s  lsOc. 
(2) Animals w i l l  surv ive up t o  2s°C. 
2. Exposure 
a. The lunar sample o r  an e x t r a c t  sha l l  be added t o  the sea water. 
b. A suspension o r  an e x t r a c t  o f  the sample s h a l l  be i n jec ted  i n t o  the 
siphon o r  soma. 
3. Assessment 
a. The behavior sha l l  be observed f o r  simple tes ts  o f  shor t  durat ion:  
The response o f  the siphons and t e s t  t o  mechanical s t i m u l i  s h a l l  
determine the normal a c t i v i t y .  
The s e n s i t i v i t y  o f  the t e s t  t o  mechanical s t i m u l i  can be invest igated i 
i 
by touching selected regions o f  the t e s t  and each siphon w i t h  the t i p  I 
o f  a d issec t ing  needle. 4 4 s 
The t e s t  i s  bel ieved not  t o  conta in  sensory nerves bu t  t o  t ransmit  
the pressure o f  such mechanical s t i m u l i  t o  nerves l y i n g  i n  the mantle 
t i ssue d i r e c t l y  underneath the tes t .  Two types o f  re f l exes  have been 
observed i n  the responses of tunicates.  
(1) D i r e c t  ref lexes r e s u l t  from mechanical s t i m u l a t i o n  o f  the body 
s u r f  ace. 
A gent le  st imulus r e s u l t s  i n  con t rac t i on  o f  the siphon nearer 
the p o i n t  o f  s t imu la t i on  
If the st imulus i s  stronger, no t  on l y  the siphon nearer the 
st imulated po in t ,  bu t  a l so  the o ther  siphon w i l l  c lose. 
A vigorous mechanical s t imulus r e s u l t s  i n  con t rac t i on  o f  both 
siphons and the body. 
(2) Crossed re f l exes  r e s u l t  f rom s t imu la t i on  o f  the i n t e r i o r  surface 
o f  the siphons. 
A d e l i c a t e  st imulus on the ins ide  o f  one siphon r e s u l t s  i n  
a c losure o f  the o ther  siphon, the st imulated one remaining open. 
b. The r a t e  o f  f i l t r a t i o n  s h a l l  be determined. Tests described f o r  
molluscs sha l l  be appl ied. 
4. Reference 
Brown, J r . ,  F.A. Selected lnver tebra te  Types. John Wiley & Sons, Inc. 
1950. 
Lutz, e t  a l .  Cu l tu re  Methods f o r  lnver tebra te  Animals. Dover Publ icat ions,  ' 
Inc., New York, 1959. 
5. Source 
Supply Department, Marine B io log i ca l  Laborator ies, Woods Hole, Mass. 
SUBPHYLUM CEPHALOCHORDATA 
Branch ios toma (amph i oxus) 
1 . Maintenance 
a. Size 
Two-inch animals s h a l l  be used. 
b. Equipment 
( 1 )  Animals s h a l l  be kept i n  a sea water aquarium. 
(2) There s h a l l  be a 2-inch bottom o f  coarse sand i n  the aquarium. 
(3) A s-gal l o n  aquarium s h a l l  be used f o r  long-term experiments. 
(4) Fingerbowls s h a l l  be used f o r  shor t- term experiments. 
c. Feeding 
(1) The natura l  l y  occurr ing f l o r a  o f  the sea water s h a l l  be a1 l m e d  
t o  perpetuate . 
(2) Amphioxus are f i l t e r  feeders and requ i re  unf i 1 tered normal sea 
water. 
d. Hand1 ing 
A p l a s t i c  mesh ne t  s h a l l  be used. 
e. Temperature 
Ambient 20-25'~ 
f. L igh t  
A normal LD r a t i o  s h a l l  be maintained. 
2. Exposure 
a. The lunar sample or  e x t r a c t  s h a l l  be added t o  the sea water i n  a large 
f ingerbawl. The animals s h a l l  be exposed from 2 t o  4 hours. 
I b. The lunar sample s h a l l  be added t o  the aquaria i n  the f o l l o w i n g  pro- 
? 
p o r t  ions : 
1.0 gm/lO gal.  H20 
3. baessment 
a. Observation s h a l l  be made o f  any changes i n  morphology. 
b. Observations s h a l l  be made o f  any behavioral changes. The normal 
anima1,when d is t~rhed,dar ts  rap id l y ,  then becomes extremely r i g i d  
and f l o a t s ,  g i v i n g  the appearance o f  a dead f i s h .  Wi th in  a few 
minutes (8 minertes) the animal swims and imnediately burrows. 
c .  Amphioxus sha l l  oe f i x e d  i n  toto. 
4. Reierence 
A.S. Romer, n e  Vertebrate Body, W. B. Saunders Co., 1956. 
5 .  Source 
The amphioxus i s  r e a d i l y  ava i l ab le  l o c a l l )  (the Gulf) .  
THE VERTE BRATA 
SUBPHYLUM AGNATHA (f i sh w i thou t j aws) 
CLASS CYCLOSTOMATA 
khthyomyzon (Michigan brook lamprey) 
Maintenance 1 -  -.-- 
a. Size 
The small ammocoetes larvae s h a l l  be used. 
b. Equipment 
(1) A layer  o f  coarse sand sha l l  cover the bottom o f  the aquaria. 
(2) The water s h a l l  be aerated but  no t  f i l t e r e d .  
(3) F inger  bowls o r  beakers sha l l  be used f o r  short- term exposure 
and experiments. 
c. Feeding 
The young are f i l t e r  feeders. 
d. Temperature 
12-1S0C. 
2. Exposure 
A suspension o r  an e x t r a c t  o f  the lunar  sample s h a l l  be added t o  the 
water. 
3. Assessment 
The development, growth, and morphology o f  the larvae s h a l l  be observed. 
4. Reference ! : 
Reichenback.Klinke, H. and E. Elkan. The P r i n c i p a l  Diseases of Lower i 4 
Vertebrates. Academic Press, London & New York, 1965. 1 a 
,f 
Source 9 5 .  .- 
Turtox General B io log i ca l  Supply, Chicago, I l l i n o i s .  
P l SCES 
CLASS CHONOR 1 CHTHYES 
ORDER SELACH l 1 (ELASMOBRANCH I I ) 
Mustel l us  canis (smooth d o g f i s h  shark) 
1. Maintenance 
a. Size 
The young llpups'l sha l l  be used. 
b. Equipment 
An aerated, f i l t e r e d ,  running sal t -water  aquarium s h a l l  be used 
c. Feeding 
The young have an attached y o l k  sac. They requ i re  no feeding. 
d. Handling 
Approximate1 y one-ha1 f dozen young sharks (several inches long) 
can be kept i n  a 15-gal lon aquarium. 
e. Temperature 
Cold water i s  necessary. 
2. Exposure 
a. The lunar sample sha l l  be added t o  the aquarium water, 3 gm/15 ga l lons .  
If the amount o f  lunar  sample i s  l im i ted ,  the young sharks sha l l  
be exposed t o  the same r a t i o  f o r  two hours wh i le  being he ld  i n  a la rge  
beaker. 
b. In add i t ion ,  one-half o f  the sharks s h a l l  receive a double exposure t o  
the lunar sample. They s h a l l  be i n jec ted  i n t r a p e r i t o n e a l l y  w i t h  a i 
suspension o f  the sample, 0.1 gm/shark, suspended i n  phys io log ica l  sa l ine .  ! 
?1 
Animals rece iv ing  an add i t i ona l  exposure s h a l l  be segregated by 1 
tagging i s  necessary,it sha l l  be c a r r i e d  ou t  p r i o r  t o  the t e s t  per iod.  
Control  f i shes  s h a l l  be tagged by an i d e n t i c a l  procedure. 
3. Assessment 
a. The e f f e c t  of the lunar  sample on the morphology and development o f  
the growing shark s h a l l  be determined. 
b. Skin co lo r  change and loss  o f  o r i e n t a t i o n  s h a l l  bz used as an i n d i c a t i o n  
o f  sickness. 
4. Source 
Marine B io log i ca l  Supply, Woods Hole, Massachusetts. 
CLASS OSTEICHTHYES 
ORDER HOLOSTE l 
Arnia ca lva  (bowfin) 
--
A p r i m i t i v e  bony f i s h .  
1 . Mai n tenance 
a. Equipment 
Aerated and f i 1 tered f resh-water aquar i a are requ i red. 
b. Handling 
(1)  1" f ish/gal l o n  o f  water f o r  la rge  f i s h  s h a l l  be used t o  es tab l  i s h  
the proper number o f  f i s h  t o  be kept i n  an aquarium. 
(2) Th is  specie i s  known t o  be tenacious o f  1 i f e  and can 1 i ve  many hours 
ou t  o f  water. 
2. Exposure 
a. Varying concentrat ions o f  the lunar sample s h a l l  be added t o  the aquaria 
water. 
b.  A suspension o r  e x t r a c t  of  the lunar sanple s h a l l  be i n jec ted  i n t r a -  
p e r i t o n e a l l y  o r  in t ramuscular ly .  
3. Assessment 
Observation sha l l  be made on the e f f e c t  o f  long-term exposure on the 
normal b io logy  o f  this species. 
4. Source . 
M r .  J. Thomas Whitman 
Sea- Arama 
91st and Seawall 
P.0. Box 69 
Galveston, Texas 77550 
CLASS OSTEICHTHYES 
ORDER Ti'LEOSTE I 
Lebistes r e t i c u l a t u s  ( guppy ) 
The guppy i s  we l l -su i ted  fo r  the quarantine t e s t i n g  o f  the lunar 
sample. It i s  a very small species. A l l  stages o f  i t s  l i f e  cyc le  can be 
tested simultaneously w i t h i n  the conf ines o f  a small aquarium. 
1. Maintenance 
a. Equipment 
( 1 )  An aerated and f i 1 tered fresh-water aquarium sha l l  be used. 
(2)  F loa t ing  "breeding cagestt f o r  young may be provided i n  the aquarium. 
b. Feeding 
A commercially prepared guppy d i e t  s h a l l  be used. 
c. Handling 
A la rge  number o f  f i s h  can be maintained i n  a 15-gallon aquarium. 
2. Exposure 
A l l  stages o f  the l i f e  cyc le  sha l l  be simu1taneo:~sly exposed t o  the 
lunar sanple which s h a l l  be addsd t o  the aquarium water. 
3. Assessment 
a, '  The sex o f  guppies i s  e a s i l y  determined. The e f f e c t  of the lunar 
sample on the morphology and sgrv iva l  r a t e  o f  the  d i f f e r e n t  s e x e s  sha l l  
be determined. 
b. Guppies are l i v e  bearers. The a b i l i t y  o f  the  female t o  bear young 
a f t e r  exposure sha l l  be determined. 
c. The r a t e  o f  surv iva l  and the gravth and development o f  the young sha l l  
be studied. 
4 ,  Reference 
i 
Reichenback-Klinke, H. and E,  Elkan. The Pr inc ipa l  Diseases of Lower 
Vertebrates. Academic Press, N. Y., 1965. 
i 
t i 
5. Source- 
Loca l l y  avai lable.  i 
CLASS OSTEICHTHYES 
* 
ORDER TELEOSTE I 
Commercially important f i s h :  
Pimephales promelas (fat-head minnow) 
Salve1 inus f o n t i n a l  i s  (brook t r o u t )  
Oncorhynchus (Pac i f i c  salmon) 
1. Maintenance 
a. Size 
(1) Disease-free j u v e n ~  l e s  ( f r y )  s h a l l  be used. F ry  are more 
suscept ib le t o  disease than adul ts .  
(2) F i s h  s h a l l  be 3" i n  length. No f i s h  s h a l l  be l ess  than 2". 
b. Equipment 
(1) Aquaria 
(a) Three I S  o r  20 g a l l o n  aquaria s h a l l  be recessed i n  the bottom 
o f  hood t o  f a c i l i t a t e  handl ing o f  f i s h .  
(b) Types o f  aquaria 
1) Regul a r  cornrnerc i a1 aquaria are recommended. 
2) Sal t-water aquaria are commercially ava i lab le .  
3) Sorne species are sens i t i ve  t o  the g lue  o r  cement used t o  
f a b r i c a t e  commercial aquaria. I f  t h i s  occurs w i t h  the 
t e s t  species, l u c i  t e  aquaria sha l l  be made using chlo,ufc,rm 
o r  acetate t o  cement the edges. 
(c) Each aquarium s h a l l  be subdivided i n t o  3 t o  S u n i t s  by us ing 
per fo ra ted  l u c i t e  d i v ide rs .  
(d)  Tanks sha l l  be covered w i t h  g lass o r  l u c i  t e  p l a t e s .  
The sides of  the tanks s h a l l  be shielded w i t h  an opaque she l l  ; 
between per iods o f  observat ion. Paper o r  aluminum f o i l  can be used.; 
(e) Each aquaria s h a l l  have a closed water system. 
(2) Aerators and f i 1 t e r s  
(a) F i 1 t e r s  sha l l  be used accord i ng t o  the cond i t i  ons described 
i n  the General I ns t ruc t i ons .  
(b) Each aquarium sha l l  have a ceramic aerator  and a continuous f l ow  
f i l t e r .  These two elements s h a l l  be on separate a i r  sources: 
i.e., from two separate a ' r  compressor u n i t s .  
(c) The f i l t e r  u n i t  sha l l  conta in  ac t iva ted  charcoal covered w i t h  
specia l  f i l t e r  wool. Glass wool s h a l l  be changed weekly. 
(3) M i  sce 1 1 aneous equ i pmen t 
(a) Transparent p l a s t i c  mesh nets s h a l l  l - ~  used. 
(b) Twenty-nine gauge needles s h a l l  be used f o r  small f i s h .  
(c) Glass beakers sha l l  be used dur ing  the exposure. 
c. Food 
Commercially ava i l ab le  aquarium food such as Tetramin shell be used. 
This  sha l l  be s t e r i l i z e d .  
d. Temperature 
1 Ambient temperature (23%) s h a l l  be used i f  constant.  Otherwise, 
commercial aquarium heaters sha l l  be used. Avoid using heater u n i t  
i f  pc . - s  i b le .  
Room temperature may be su i tab le  f o r  s a l t  water f i s h .  
(2) Ref r igera tor  systems 
Cold water f i s h  sha l l  be maintained a t  13'~. An immersion 
coo l ing  u n i t  s h a l l  be used. 
e. Water 
(1) Fresh water 
(a) Fresh water f r e e  of ch lo r i ne  sha l l  be used. S t e r i l i z e d  (autoclaved) 
tap water can be used f o r  fresh-water f i s h .  
(b) Water sha l l  be aerated several days before the f i s h  are placed 
i n  the tanks. 
j2) S a l t  water 
Commercial s a l t  mixtures such as I1 lns tan t  OceanI1 s h a l l  be used 
f o r  s a l t  water aquaria. 
f .  Handling 
Precondit ioning: 
( 1 )  F i s h  sha l l  be held a t  l eas t  one month before use and observed f o r  
signs o f  disease. 
(2) Each specie s h a l l  be kept separate. 
(3) A dozen 3" f i s h  can be kept i n  a 5 g a l l o n  u n i t .  
(4) F i s h  placed under na tura l  s t r e s s - s  may be more sens i t i ve  tn chal lenge. 
e.g.:  Crowding 
Decrease i n  02 tension 
Sudden temperature chafige 
Armoni a 
2. Exposure 
a. 9 i r e c t  Environmental Exposure 
(1) A suspension o r  an e x t r a c t  o f  the lunar sample s h a l l  be added t o  
aquaria i n  a t  l eas t  10 p a r t s  per m i l l i o n  concentrat ion o r  h igher .  
I f  sample economy excludes t h i s  then: 
(2) F i s h  s h a l l  be e x ~ o s e d  t o  t h i s  concentrat ion i n  a smaller volume (as 
p r a c t i c a l  and compatible w i t h  hea l th  o f  f i s h )  f o r  30 minutes. 
F i s h  s h a l l  be returned t o  the aquarium. 
b. I n j e c t i o n  
(1 )  intramuscular i n j e c t i o n  
F i sh  t o  be in jec ted s h a l l  be i n d i v i d u a l l y  anesthet ized by trans- 
f e r  from the aquarium t o  a 1 l i t e r  beaker conta in ing Sandoz MS-22 
(tr icane methanesulfate). 
Remove f i s h  as soon as inact ive,  place i n  s t e r i l e  p l a s t i c  mesh 
net, and i n j e c t  mater ia l  through ne t  i n t o  dorsal  muscle o f  f i s h  
using 30-gauge hypodermic needle. 
F i sh  s h a l l  be returned t o  aquarium as r a p i d l y  as possible. 
(2) Dosage 
0.1 m l  o f  a Tyrodes So lu t ion  conta in ing 10 mg sample per m l  
s h a l l  be in jec ted intramuscular ly.  
(3) l n traper i tonea 1 i n j e c t  ion 
This i s  not recomnended f o r  small f i s h .  There i s  danger o f  
punctur ing in tes t ine .  
3. Assessment 
a. Observations 
( 1 )  Macroscopic 
F i sh  s h a l l  be observed d a i l y  f o r  the fo l l ow ing  deviat ions from 
the normal: 
(a) E r r a t i c  movements (i .e. "s taggersl') 1 
(b) S e t t l i n g  t o  the bottom 
(c) Change i n  r a t e  o f  opercular movement 
(d) Loss o f  balance 
(e) Reddening and i n f  lama t ion around base of f ins and mouth 
(f) Change i n  appearance o f  f i n s  
1) Fraying 
2) Fungal growth 
(9) Change i n  character o f  feca l  mater ia l  
(h) Fungal growth on surface, espec ia l l y  g i  11s and f ins ,w i l l  
look I1cot  tonvll 
(2) Microscopic 
(a) F i s h  can be k i  1 led  f o r  autopsy by a blow on the back o f  the 
head o r  by removal from water. 
(b) Histopathological  s tudies s h a l l  inc lude a1 1 organs. 
b. Secondary c u l t u r i n g  
(1) I t  i s  impossible t o  s t e r i l i z e  the surfaces o f  f i s h ,  so tha t  con- 
taminat ion from t h i s  source must be an t i c i pa ted  and i d e n t i f i e d .  
(2) Lesions from diseased f i s h  s h a l l  be cu l tu red  f o r  microorganisms 
according t o  the prev ious ly  described pro toco ls .  
(3) The whole f i s h  o r  diseased organs s h a l l  be homogenized and inoculated 
i n t o  o ther  animals and p l a n t s  as described i n  the pro toco ls .  
4. References 
a. Books 
Cu l tu re  and Diseases o f  Game Fishes. Davis, 1965, Un ive rs i t y  o f  
C a l i f o r n i a  Press. 
F i s h  as Food, Vol. II, Borgtrom, Academic Press. 
V i r a l  Diseases o f  Poikelothermic Animals. Annals o f  New York Academy 
o f  Sciences, Vol. 126, No. 1. 
T ra i  t e  de Zoologie, Tome X I  I I, Agnathes e t  Poissons, Masson e t  tie 
Edi teurs, 120, Boulevard S t .  Germain, Pa r i s  (vie), No t rans la t i on .  I 
Frankheiten und Schadigungen der Fische, Reichenbock, K l  inke Gustov 
F isher  Verlog, S t u t t g a r t ,  1966. 
The P r i n c i p l e  Diseases o f  Lower Vertebrates, K l i nke  and Elkan, 1965. 
Academic Press, I l l 5 t h  Ave., New York. Eng l ish  t rans la t i on .  
Laboratory Animals, Par t  I I, 6 t h  Ed. 1966, Publ. 1413, Nat ional 
Academy o f  Sciences, N a t i ~ n a l  Research Counci l ,  Washington, D.C. 
A Guide t o  the Propert ies,  Charac te r i s t i cs  and Uses o f  Some General 
Anaesthetics f o r  Fish. Gordon R.  B e l l ,  1964, B u l l e t i n  #148, F isher ies  
Research Board o f  Canada (Ottawa). 
Symposium on F i sh  Microbiology. Development i n  I n d u s t r i a l  Micro- 
b io logy,  Val. 5, AlBS 1964, pp. 97-143, D r .  S. F. Snieszko, Washington, D.C. 
b. References f o r  considerat ion:  
Dr. Herbert  Axelrod 
T.F.H. Pub l ica t ions  Inc. 
245 Corne 1 i son Avenue 
P.0. Box 33 
Jersey C i t y ,  New Jersey 07302 
( ~ a r g e  suppl ies and ho ld ing  f a c i l i t i e s  f o r  t r o p i c a l  f i s h  i n  F lo r i da ) .  
Harbor ton Marine Laboratory 
P. 0. Box 11 
Harbor ton, V i  r g  i n i a 23389 
301 489-4225 
(Rock, bass, t rou t ,  common f i sh )  
Richard Reckweg, Curator 
Nat ional Aquarium 
- Department o f  I n t e r i o r  Bu i l d ing  
Washington, D.C. 
(Expert on aquarium f ishes ,  holding, t o x i c i t y  o f  aquarium fac to rs ,  etc.)  
Dr. Car l  Sinderman 
Experimental S ta t i on  
Bureau o f  Commercial F i she r ies  
Oxford, Maryland 
(Expert on crustacea, commercial mar;7e f i s h )  
Dr. Kenneth Wolfe 
Bureau o f  Sport F isher ies  and W i l d l i f e  
Eastern F i sh D i  sease Laboratory 
P.O. Kearneysvi 1 l e  
Leetown, West V i r g i n i a  
(Expert on and source o f  f i sh t i  ssue cu l  tures)  
Federal experimental f i s h  hatcher ies are recommended because o f  the 
q u a l i t y  con t ro l .  
Federal and s ta te  f i s h e r i e s  l abo ra to r i es  i n  the s ta tes  o f  Washington 
and Oregon are recommended as poss ib le  source of salmon. 
The f o l l o w i n g  are recommended f o r  considerat ion:  
D r .  Fred Meyer 
F i sh  Farm Experiment S ta t i on  
Department o f  I n t e r i o r  
StutQar t., Arkansas 
(grass carp, ca t  f i s h )  
D r .  Michael M. S igel  
Department o f  Bacter io logy 
Un ive rs i t y  o f  Miami School o f  Medicine 
Coral Gables, F l o r i d a  33134 
( f i s h  c e l l  l ines)  
D r .  S. F. Snieszko 
Bureau Sport F i she r ies  and W i l d l i f e  
Eastern F i s h  Disease Laboratory 
Kerneysvi l le ,  W. V i r g i n i a  25430 
( t r o u t )  
Dr. Ken Wolfe 
Eastern F i s h  Disease Lab 
Department o f  l n t e r i o r  
Leetown, West V i r g i n i a  
( f i s h  c e l l  l i nes )  
Equipment f o r  F i sh  
Aquarium Systems, Inc. 
1462 E. 289 s t .  
Wick1 i f f e ,  Ohio 44072 
216 944-6000 
(Source o f  ocean water s a l t s  and aquaria f o r  mainta in ing marine f i shes .  
Coding u n i t s ,  e tc . )  
Marinovich Trawl Co. 
1317 East F i r s t  S t .  
B i i o x i ,  Mississippi 
(Fish seines) 
CLASS OSTEICHTHYES 
SUBCLASS CHOAN ICHTHYES 
SUPERORDER DlPNOl 
Protopterus - aeth iop ic ius  ( ~ f r i c a n  lungf ish)  
1 . Ma i n  tenance 
a. Equipment 
(1)  Animals s h a l l  be kept  I n  a small aquarium. 
(2) The water may be aerated and f i 1 tered . 
(3)  The aquarium s h a l l  have a mud bottom. 
b. Feeding 
Small pieces o f  beef hea r t  s h a l l  be placed i n  the aquarium. 
2. Exposure 
a. The lunar sample s h a l l  be added t o  the water. 
b. The lunar sample s h a l l  be incorporated i n t o  the food. 
c. A suspension o r  an e x t r a c t  o f  the sample s h a l l  be i n jec ted  i n t o  
3. Asse: smen t 
Observations s h a l l  be made o f  the normal behavior and b io logy  o f  the 
animal. 
4. Reference 
Smith, H. W., From F i s h  t o  Philosopher, Chapter 6, pp. 71-84, 
Doubleday & Co., Inc., Garden C i t y ,  N. Y., 1961. 
5. Source 
Small specimens (6-8 inches) a re  ava i l ab le  by d i r e c t  a i r  shipment 
from Uganda. 
A f r i can  l ung f i sh  (Protopterus aethiopicus) : i 
Paramount Aquarium 
Ardsley, New York 
Tiburon Biomarine Preparat ions 
133 San Fernando 
Galveston, Texas 77550 
Telephone: 713/ SO 3-1770 
-,,--..---7 - -,.* " -  ~ - C X - - C V ~ W - a ~ Q w y w y _ _ U  .wvP"-- - ' - . ,  -  
Mr. J. Thomas Wh i trnan 
Sea-Ar ama 
91st and Seawall 
P. 0. Box 869 
Galveston, Texas 77550 
(Experlsnced i n  maintaining the Afr ican lungfish) 
CLATaS AIIPH I B IA 
SUBCLASS CANDATA (URODELA) 
Ambystoma t i g r  inum ( t i g e r  salamander) 
1 .  Maintenance 
a. Equipment 
(1 )  The animals s h a l l  be kept i n  a damp terrar ium. 
(2) Approximately s i x  8-inch animals can be maintained i n  a 
15-gal l on  terrar ium. 
b.  Feeding 
Salamanders sha 1 1 be fed  worms or  mealworms ( ~ e n e b r  l o  1 arvae) . 
Beef hear t  o r  beef l i v e r  cu t  i n t o  :arrow s t r i p s  s h a l l  be o f fe red  
as food. 
c. Temperature 
The pre fer red  temperature i s  20°c o r  lower. They should no t  be 
maintained a t  temperatures higher than amb ien  t (room). 
d. L igh t i ng  
Normal day-night l i g h t i n g  cond i t ions  s h a l l  be maintained. 
2. Exposure 
a. A suspension or  an e x t r a c t  o f  the sample s h a l l  be i n jec ted  i n t o  the 
coelom. 
b. The sample s h a l l  be incorporated i n t o  the food. 
3. Assessment 
a. The behavior and morphology o f  the animal s h a l l  be observed. 
b, The development o f  the j uven i l es  s h a l l  be compared t o  tha t  o f  the cont ro ls .  
? 
c. Diagnost ic procedures are given i n  the reference (Reichenbach-Kl i n ke 
i 
I 
and Elkan, 1965. P f 
4. Reference 
Hutchinson, R. C., "Amphibia", i n  The Care and Breeding of Laboratory 
Animals. London, Chapman and t i d i l ,  1950. 
The UFAW Handbook on the Care and Management o f  Laboratory Animals. 
The Wil l iams & Wi lk ins  Co., Balt imore, 1967. 
Reichenbach-Klinke, H. and E. Elkan. The P r i n c i p a l  Diseases o f  Lower 
Vertebrates, Academic Press, N.Y. ,  1965. 
Sou rce 5 .  -
General B io log i ca l  Supply House (Turtox) 
8200 Sottth Hayne Avenue 
Chicago, I l l i n o i s  60020 
Carol ina B io log i ca l  Supply Co. 
Bur l  ington, North Carol ina  27216 
CLASS AMPHlBlA 
SUBCLASS SAL I ENT I A (ANURA) 
Xenopus l aev i s  ( the South A f r i can  clawed toadj  
1 .  Maintenance 
a. Equipment 
Th is  aquat ic toad sha l l  be kept i n  an aquarium f i l l e d  w i t h  f resh  
water. 
b. Feeding 
Xenopus sha l l  be fed f resh  pieces o f  meat (horse, rat, o r  rabbi t 1 i ve r )  
and l i v i n g  inver tebrates such as Daphnia. 
c. Temperature 
The animals s h a l l  be maintained a t  normal room temperature o r  higher.  
d. Handling 
( 1 )  This  aquat ic toad i s  r o u t i n e l y  used f o r  pregnancy tes ts .  I t  i s  a 
very hardy species and can be e a s i l y  maintained i n  the labora tory  
fo 'r  over a year. 
(2) I t  does not succumb t o  i n f e c t i o n s  such as the red-leg o f  Rana o r  
fungal i n fec t i ons  o f  Necturas. 
2. Exposure 
a. A suspension o r  e x t r a c t  o f  the lunar sample s h a l l  be added t o  the aquarium 
water. 
b. The lunar  satnple s h a l l  be incorpor3ted i n t o  the food. 
c. The lunar sample i n  aqueous form sha l l  be i n jec ted  i n t o  coelom o r  
musculature. 
3. Assessment 
a. The e f f e c t  o f  the lunar sample on the growth and morphology o f  Xenopus 
s h a l l  be observed. 
b. The d iagnost ic  procedures f o r  i d e n t i f i c a t i o n  o f  i n fec t i on2  are g iven i n  
Re i chenback-Kl i nke and E 1 kan (1 965) . 
c. The subt le  e f f e c t s  o f  the lunar sample on metabolism sha l l  be studied. 
The n i  trogen metabol ism o f  Xenopus has been studied more ex tens ive ly  
than f o r  any o ther  amphibian. 
The adaptat ion of  n i t rogen metabolism dur ing  t rans fe r  t o  s a l t  water 
sha l l  be used as a means o f  assessing the func t i ona l  i n t e g r i t y  o f  the 
animal a f t e r  exposure t o  the lunar sample. 
4. Reference 
The UFAW Handbook on the Care and Laboratory Animals, 1967, 3rd Ed., 
The Wil l iams and Wi lk ins  Co., Balt imore. 
The P r inc ipa l  Diseases o f  Lower Vertebrates by H. Reichenback-Klinke 
and E. Elkan, 1965, Academic Press, N.Y. 
5 .  Source 
For in fo rmst ion  concerning supply: 
D r .  Leon Goldste in 
Department of  Physiology 
Harvard Un ive rs i t y  School o f  Medicine 
Boston 15, Massachusetts 
CLASS AMPHlBlA 
SUBCLASS SAL I ENT I A (ANURA) 
Rana p i  piens (leopard f rog)  
-
1. Maintenance 
a. Eqbipment 
(1) The adu l ts  sha l l  be kept i n  an aquarium. The bottom sha l l  ba covered 
w i t h  one inch of water and changed every few days. 
Normally f rogs  are kept i n  w i re  bottom cages w i t h  s lowly d r i po ing  
tap water. 
The conta iner  sha l l  have a c lose f i t t i n g  l i d  o f  w i re  ~ e s h  o r  
perforated z inc .  
(2) The f e r t i l i z e d  eggs and tadpoles s h a l l  be kept i n  glass f i n g e r  bowls. 
b. Feeding 
( 1 )  The adu l t  can be maintained f o r  some t ime w i thout  feeding. Yowever 
they remain i n  b e t t e r  cond i t i on  when fed. They s h a l l  be fed ear th -  
worms, f l i e s ,  o r  moths. 
(2) The tadpoles s h a l l  be f z d  spinach o r  l e t t uce .  
Later  tadpole stages requ i re  a p r o t e i n  d i e t .  This  can be provided 
by h igh-pro te in  a r t i f i c i s l  foods o r  smsll pieces o f  meat. 
Frogs sha l l  be maintained a t  rcom temperature. 
d. Handling 
(1) New stock s h a l l  be he ld  f o r  a per iod  o f  1-2 weeks w i t h  d a i l y  i n s p t c t i o n  
f o r  red-leg. During t h i s  per iod  animals may be he ld  i n  a 0.15% sa l i ne  ,; 
s o l u t i o n  o r  a p iece o f  copper w i re  placed i n  the water. I * 
h 
( 2 )  A l l  three stages keep wel! i n  c a p t i v i t y .  
2. Exposure 
a.. The lunar sample sha l l  be added t o  the aquarium water. 
The lunar sample s h a l l  be placed i n  the aqueous environnient where 
the eggs and tadpoles are developing. 
b. The lunar sample sha l l  be incorporated i n t o  the food f o r  inges t ion  by 
the tadpoles and adults.  
c. A suspension o r  e x t r a c t  of the lunar sample sha l l  be i n jec ted  i n t o  the 
coelom o f  the adu l t .  
3. Assessment 
a. The behavior and morphology o f  the adu l t  f r o g  s h a l l  be observed. 
b. The embryonic development o f  the eggs s h a l l  be c a r e f u l l y  observed. 
Her i tab le  e f f e c t s  sha l l  be determined t o  d i s t i n g u i s h  chemical t o x i c i t y  
from mutation. 
c. The e f f e c t  o f  the sample on t y p i c a l  l a r v a l  development s h a l l  be determined. 
Metamorphosis shal: be induced w i t h  thyroxine, and the e f f e c t s  o f  
the t e s t  mater ia l  can be noted on the metamorphosing tadpoles. 
Embryonic and l a rva l  development o f  the f r o g  has been described i n  
great de ta i  1. 
d. Diagnost ic procedures f o r  amphibians are given by Reichenback-Klinke 
and E 1 kan, 1965. 
4. Reference 
The UFAW Handbook on the Care and Management o f  Laboratory Animals, 1967, 
3rd Ed., The Wil l iams and Wi lk ins  Co., Balt imore. 
The P r inc ipa l  Diseases o f  Lower Vertebrates by Reichenback-Klinke and 
Elkan, 1965, Academic Press, N.Y. 
5. Source 
For adults, larvae (tadpoles) and eggs: 
General Biological Supply House (Turtox) , C5;cago, I 1  1. 
Carolina Biological Supply Co. 
Burl ington, North Carolina 277216 
Ward's Natural Science Establishment, Inc. 
P. 0. Box 1712 
Rochester, New York 14603 
Ward's of Cal ifornia 
P. 0. Box 1749 
Monterrey, California 93942 
CLASS AMPHlBlA 
Ce l l  l i n e s  
--
Frog f i b r o b l a s t i c  
Frog ep i  t h e l  i o i d  
1. Maintenance 
a. For in format ion concerning the use o f  amphibian c e l l  l i n e s  i t  i s  recom- 
mended tha t  the i n d i v i d u a l s  l i s t e d  i n  the reference and source be 
consu 1 ted . 
b. The cu l tu res  s h a l l  be tes ted  i -  a n t i b i o t i c - f r e e  media. 
c. P - i k i l o the rm ic  c e l l s  s h a l l  be tested through the range o f  t h e i r  temperature 
tolerance. 
2. Exposure 
A suspension o r  e x t r a c t  of the lunar sample s h a l l  be incorporated i n t o  
the c u l t u r e  media. 
3. Assessment 
The e f f e c t  o f  the lunar  sample o  n  t i ssue c u l t u r e s  shai: be determined. 
both macroscop ica l~y  and microscop ica l l y .  
4. Reference and Source 
D r .  Kenneth Wolfe 
Bureau o f  Sport F i she r ies  and W i l d l i f e  
Eastern F i sh Disease Laboratory 
P. 0. Kearneysvil l e  
Leetown, West V i r g i n i a  
(Frog f i b r o b l a s t i c )  
D r .  Keen A. Raf fe r ty ,  J r .  
The Johns Hopkin Un ive rs i t y  School o f  Medicine 
725 North Wolfe St ree t  
Balt imore, Maryland 21205 
(Frog ep i  t he l  i o i d )  
CLASS REPTlLlA 
ORDER CROCODlLlA 
Caiman latirostris 
Alliqator mississipiensis 
Juvenile caimans or alligators (3-4 months old) approximately 8-12'' in 
length shall be used. Young raised from eggs collected prior to hatching 
shall be used to obt.' I animals relatively free of microorganisms. 
The caiman is more readily available. 
1. Maintenance 
a. Equipment 
(1 Cage 
(a) Three 15-gallon aquaria shall be used. 
(b) Shallow containers 2' x 1 '  x 1' may also be used. 
(2)  One-half inch mesh screen wire shall be used to cover the top 
of the container. 
b. Water requirements 
The reptile prefers to be out of water most of the time. If the 
. animal is immersed in water, the skin will become soft and sensitive 
to hand 1 i ng . 
(1) A shallow container filled with water shall be placed in the cage 
if aquaria are not used. 
(2) The aquaria shall be filled with a small amount of water to a depth 
of 2-3 inches. 
The floor shall slope gradually to provide land. 
c. Temperature 
Ca~mans shall be held at 27-30°C. 
Alligators shall be held at 24-30'~. 
4. L igh t ing  
General E l e c t r i c  sun lamps may be used f o r  approximately 15 minutes 
per  day t o  prevent growth o f  molds and fungi.  
e. Feeding 
(1) B ~ e f  mel t  (spleen) sha l l  be used as food. 
(2) Small a1 1 iga tors  may eat  every day. They must be fed a t  leas t  two 
times a week. 
f. Handling 
The r e p t i l e s  sha l l  be held a t  l eas t  a month before use and observed 
f o r  signs o f  disease. 
(1 ) One t o  two dozen a1 1 iga tors  may occupy the  same cage. 
(2) These animals - re  cornparat i v e l y  unagress ive. 
(3)  No anesthesia i s  necessary. Use co ld  temperature i f  required. 
Exposure 
a. Caimans o r  a l l i g a t o r s  sha l l  be exposed t o  the lunar sample by the 
f o l  lowing routes: 
(1) Ingest ion o f  food o r  d r i nk ing  water 
. (2)  l n t r a p e r i  toneal i n j e c t i o n  
( 3 )  l ntramuscul ar  i n j e c t  ion 
(4) lntracaudal i n j e c t i o n  
b .  The lunar sample sha l l  be suspended i n  phys io log ica l  sa l ine.  
A one m l  i n j e c t i o n  o f  the suSpension, supernatant, o r  lunar  ex t rac t  
sha l l  be used. 
A 22-gauge needle sha l l  be used. 
The needle sha l l  be inser ted between the scales. 
c. The lunar sample sha l l  be placed i n  the cage water. 
d. The lunar sample sha l l  be incorporated i n t o  the food, shaped i n t o  
pel  l e ts .  
3. Assessment 
a. Observations 
( 1 )  The a1 1 igator  shal 1 be observed for changes deviat ing from the 
normal sluggish behavior. 
(2) The a1 1 igator  sha l l  be watched f o r  morphological changes. 
(3) Metabol i c  tes ts  sha l l  be performed. 
(a) Blood - 2 m l  of blood sha l l  be withdrzwn by cardiac puncture 
technique without harming the animal. 
(b) Urine 
b. Autopsy 
c. Histology 
(1) Blood smears sha l l  be made. Blood sha l l  be withdrawn by cardiac 
puncture. 
(2)  Smears sha l l  be made o f  any lesions. 
d .  Secondary cu l tu r ing  
(1) Lesions sha l l  be cul tured f o r  microorganisms according t o  previously 
described protocols. 
( 2 )  B l  ind passages sha l l  be made. 
4. References 
Coulson, R.A. and T. Hernandez, 1964. Biochemistry o f  the A1 1 igator .  
Louisiana State Univers i ty Press, Batoc Rouge. 
Reese, A.M., 1947, Herpetologica 4(2): 43. 
Reese, A.M., 1915. The A l l i ga to r  and i t s  A l l i e s .  G.P. Putnam's Sons, 
New York, p. 358. { 
Reichenbach Kl inke,  H.H. and E. Elkan, 1965. The P r i n c i p l e  Diseases 
o f  Lower Vertebrates, New York and London Acadjmlc Pt.ess. 
5 .  Source 
A l l i g a t o r s  and caimans can be obtained from: 
Tarpon Zoo 
Tarpon Springs, F l o r i d a  33589 
Snake Farm 
La Place, Louisiana 70068 
General Biological  Supply House (Turtox) 
Chicago, I l l i n o i s  
CLASS REPTlLlA 
ORDER CHELONIA 
Pseudemys #zs r ip ta  eleqans (red-eared t u r t l e  o r  t e r rap in )  
The red-eared t u r t l e  i s  a t y p i c a l  fresh-water t u r t l e  and represents an 
ancient r e p t i l i a n  l i n e .  
This  small hardy t u r t l e  i s  commonly so ld  as a pet .  
1. Maintenance 
a.  Equipment 
The small t u r t l e s  s h a l l  be kept i n  an aquarium w i t h  f resh  water 
and f l o a t i n g  ob jec ts  f o r  cl imbing. 
A f i l t r a t i o n  system sha l l  be used whenever necessary. 
b .  Feeding 
T u r t l e s  s h a l l  be f c d  raw ground beef ( i nc lud ing  hear t  and l i v e r ) ,  
meal worms (Tenebrio), and o ther  insec t3 .  Commercially prepared d ry  
food may a l so  be used. 
2. Exposure 
a. The sample sha l l  be incorporated i n t o  the food, shaped i n t o  p e l l e t s .  
b. . A  suspension i n  phys io log ica l  sa l ine ,  f i l t r a t e ,  o r  an e x t r a c t  o f  the 
lunar  sample s h a l l  be i n jec ted  i n t o  the coelom o r  muscles. 
3. Assessment 
Observations s h a l l  be made o f  the normal feeding and behavior o f  the ' 
animal. 
4. References 
Boycott, B.B. and Robins, M.W., 1961. The care o f  young red-eared 
te r rap ins  (Pseudemys s c r i p t a  elegans) i n  the - laboratory.  B r .  J. Herpet., 
Z(12): 206-210. 
Reichenbach-Kl inke, H.H. and Elkan, E. 1965. The P r i n c i p l e  Diseases 
o f  Lower Vertebrates, New York and London Academic Press. 
5 .  Source 
General Biological  Supply House ( ~ u r t o x )  . 
Local ly  ava i lab le .  
CLASS REPTlLlA 
ORDER SQUAMATA 
FAMILY IGUANIDAE 
An01 i s  caro l  inensis  (American chameleon) 
1 .  Maintenance 
a. Equipment 
Small covered t e r r a r i a  o r  cages s h a l l  be used conta in ing  a few 
twtgs o r  branches f o r  c l imbing.  
A cage 2 f t .  long and 1 f t .  wide w i l l  e a s i l y  accomodate 4 l i za rds .  
A b o t t l e  w i t h  a d r i p  tube o r  a small d i sh  must be ava i l ab le  f o r  
d r i n k i n g  water. 
b. Feeding 
The chameleon sha l l  be fed  mealworms ( ~ e n e b r i o )  and o ther  1 i ve  
insects, and earthworms. 
c. L i g h t i n g  and Temperature 
No special  cond i t ions  are required. 
d. Handling 
The chameleon i s  e a s i l y  handled, and b i t e s  are innocuocs. 
2. Exposure 
a. The sample sha l l  be added t o  the d r i n k i n g  water. 
b. The sample sha l l  be incorporated i n t o  the food as by i n j e c t i o n  of larvae 
c .  A suspens ion , f i l t ra te ,  o r  e x t r a c t  o f  the lunar sample sha l l  be i n jec ted  
i n t o  the coelom o r  s o f t  body (muscle). 
3. Assessment 
a. The normal behavior and feeding sha l l  be observed. The male has a 
d i s tens ib le  dewlap o r  throat- fan.  
b .  The a b i l i t y  t o  change co lo r  sha l l  be used as an i n d i c a t i o n  o f  hea l th .  
3 
The normal chameleon e x h i b i t s  a rap id  co lo r  change. + 3
i 
4. References 
The UFAW Handbook on the care and management of  laboratory animals. 
3rd Ed., 1967, The Wi l l iams and Wi lk ins  Company, Balt imore. 
Reinchenback-Klinke, H.H. -,id Elkan, E.,1965, The P r i n c i p l e  Diseases 
o f  Lower Vertebrates, New York and London Acadenic Press. 
5. Sources 
Loca l l y  ava i lab le .  
Carol ina B io log i ca l  Supply Co. 
General B io log i ca l  Supply House (Tur tbx) .  
CLASS REPTlLlA 
ORDEZ SQJAtIATA 
FAMILY COLLEBRIDAE 
Heterodon el a ty r i i  i nos (hog-nosed snake) 
1. Maintenance 
a. Equi3ment 
The animals s h a l l  be maintained i n  t e r r a r i a  o r  cages. The top 
sha l l  be covered w i t h  per fo ra ted  z inc.  
Cages should conta in  a rough,heavy ob jec t  as a b ~ . i c k  f o r  rubbing 
against Curing moul t ing.  
A space 2 f t .  long and 1 f t .  wide w i l l  accommodate two 2-3 f t .  long 
snakes. 
b. Feeding 
Snakes s h a l l  be fed  toads, f rogs,  o r  worms. 
A f t e r  eating,snakes should no t  be handled f o r  48 nrs .  
Healthy snakes may do w i thout  food f o r  several m n t h s .  
A d i s h  o f  water s h a l l  be provided. Th is  should be large enough 
t o  a l l ow  the animals t o  immerse themselves. 
c. Temperature 
Room temperature . 
d. ~ i g h t i n g  
E l e c t r i c  bulbs can be used t o  simulate su :~ l i gh t .  
e. Handling 
The snake i s  e a s i l y  handled. I t  i s  non-poisor.o~ls. Although i t  
may h iss,  s t r ike,and appear dangerous, i t  w i l l  no t  b i t e .  
The snakes s h a l l  be he ld  a t  leas t  a month before use and observed 4 
2 
f o r  signs o f  disease. 
External  paras i tes  as mi tes can be e l im ina ted by washing the e n t i r e  
animal i n  warm water. The snake sha l l  be d r i e d  w i t h  co t ton  wool. 
Anesthesia: 
Barb i tu ra tes  are preferable t o  e ther  and chloroform. See Betz, 1962. 
2. Exposure 
a. The sample sha l l  be i n jec ted  i n t o  the food t o  be ingested. 
b. A suspension i n  phys io log ica l  sa l ine,  f i l t r a t e ,  o r  an e x t r a c t  o f  the 
lunar sample sha l l  be i n jec ted  i n t o  the coelom. 
3. Assessment 
The behzeior and growth o f  the snake s h a l l  be observed. 
4. References 
-- 
Betz, T.W., 1962. Surgical anaesthesia i n  r e p t i l e s ,  w i t h  specia l  
reference t o  the water snake, N a t r i x  rhombifera. Copeia, 2, 284-287. 
L i t t l e f o r d ,  R.A. . . 5 Ke i le r ,  W.F., 1946. Observations on capt ive  p i l o t  
b lack snakes and comrron water snakes. Copeia, 3, 160-167. 
Reinchenbach-Kl inke, H.H. and E l  kan, E., 1965. The P r i n c i p l e  Diseases 
o f  Lower Vertebrates, New York afid London Academic Press. 
Smith, H.M., 1953. Snakes as pets. Wisconsin A l l -Pets  Books. 
CLASS REPTlLlA 
Cell 1 irles 
--
Terrapin-epithelial 
Marine turtle-epithelial 
1. Maintenance 
a. For information concerning the use of reptilian cell lines,it is recom- 
mended that the persons listed in the reference be consulted. 
b. The cultures shall be tested in antibiotic-free media. 
c. Poikilothermic cells shall be tested through the range of their temperature 
2. Exposure 
A suspension or an extract of the lunar sample shall be incorporated 
into the culture media. 
3. Assessment 
The effect of the lunar sample on the tissue cultures shall be deterinined 
both macroscopically a ~ d  microscopically. 
4. Reference and Source 
Dr. H.F. Clark 
Children's Hospital 
219 Bryant Street 
Buffalo, New York 14222 
(Terrapin-epi thel ial) 
Dr. G.H. Waddell 
Variety Children's aesearch Foundation 
P. 0. Box 7278 
Miami, Florida 33155 
(~arine turtle-epi thel ial) 
CLASS AVES 
Gal l u s  qal  l u s  (domestic fowl)  
Germ-free embryonated hen's egns s h a l l  be usod. 
1 . Ma i n tenance 
a. Eggs s h a l l  be obtained on the day t h a t  they a-2 l a i d  (0 day). 
b. Eggs s h a l l  be candled t o  determine v i a b i l i t y  before inocu la t ion .  
c. Eggs s h a l l  be incubated s ta t i ona ry  a t  2S°C and 3S°C u n t i  1 a week 
a f t e r  the con t ro l s  have hatched. 
2. Exposure 
Both s t e r i l i z e d  and untreated lunar sample sha l l  be used. 
Inoculat ion:  
c o n t r o l s  sha l l  be inoculated w i t h  suspending f l u i d .  
a. 0.1 ml/egg of a suspension, f i l t r a t e , o r  e x t r a c t  o f  the lunar  sample 
sha l l  be used f o r  each o f  the routes. 
b. A minimum of 6 experimental eggs and 6 c o n t r o l s  f o r  each va r iab le  s h a l l  
be used. 
The fo l l ow ing  route o f  i nocu la t i on  and incubat ion s h a l l  be used: 
Route 
-
Undi f fe ren t i a ted  egg y o l k  
Amniotic sac 
A1 l a n t o i c  sac 
Chor ioa l lan to ic  membrane 
Yolk sac 
Embryo Age 
O days 
10 - 11 days 
10 - 11  da;ls 
10 - 12 days 
3. Assessment 
a. Observation 
( I )  Death o f  eggs sha l l  be detected v i sua l  lf by candl ing  embryonated 
eggs dur ing  the course o f  incubation. The blood vcrzels r e t r a c t  
and congeal and the embryo does not  move every 10-15 seconds as 
do heal thy embryos. 
(2) Pocks 
Pocks can be observed macroscopically. 
(3) Hatched chicks 
These sha l l  be compared w i t h  con t ro l s  f o r  signs o f  disease o r  
metabol ic d is func t ion .  
b. Harvesting 
(1) Eggs 
Inoculated eggs which have not  developed s h a l l  be harvested by 
c h i l l i n g  a t  40°C f o r  a t  l eas t  4 hours. The s h e l l  s h a l l  then be 
opened and samples of a l l a n t o i c  f l u i d s ,  amniot ic f l u i d s ,  yo l k  sac, 
cho r io -a l l an to i c  membrane,and embryo sha l l  be taken f o r  add i t iona l  
inccu la t ion .  
(a) A l l a n t o i c  f l u i d  
Th is  sha l l  be aspi rated from the a l l a n t o i c  c a v i t y  through a 
trephined sect ion w i t h  a p ipe t te .  
(b) Amniotic f l u i d  
The f l u i d  sha l l  be aspi rated from the amniocic sac w i t h  a 
p ipe t te .  
(c) Yo1 k sac 
The yo lk  sac s h a l l  be c ~ l l e c t e d  by suct ion w i t h  a p i p e t t e .  
(d) Chorioal l a n i o i c  membrane 
The membrane sha l l  be removed s u r g i c a l l y  and placed i n  a 
mortar and ground w i t h  alundun and a pes t le  (or  placed i n  a 
War ing Blendor). The homogenized membrane s h a l l  be taken up 
i n  a d i l u e n t  (vea l - in fus ion  bro th)  f o r  use i n  f u r t h e r  passage 
(b l ind)  o r  f o r  hemagglut inat ion tes ts .  
(2) Chicks 
(a) Chicks which show abnormal symptoms s h a l l  be sac r i f i ced .  
(b) Attempts t o  i s o l a t e  microorganisms o r  v i ruses  s h a l l  be performed 
according t o  the prev ious ly  described protocols .  
c. B l  ind Passage 
B l i n d  passage i n  animals and eggs s h a l l  a lso  be performed. 
d. I d e n t i f i c a t i o n  
(1) Organisms i so la ted  from eggs and/or ch icks s h a l l  be i d e n t i f i e d  
according t.o p rev ious ly  described procedures. 
(2) Microscopic techniques s h a l l  be employed. Both 1 i g h t  and e lec t ron  
microscopes sha l l  be used. 
4. Source 
Eggs can be obtained from Texas A&M, College Sta t ion ,  Texas. 
CLASS AYES (Con t . ) 
Gal l us  g a l  l u s  (domestic fowl)  
Juven i 1 e 
1. Maintenance 
a. Equipment 
Standard brooding cages s h a l l  be used. 
b. Feeding 
Comnercially prepared ch i ck  s t a r t e r  mash o r  crumbs sha l l  be used. 
D r ip  h o t t l e s  o r  a  d r ink ing- t rough s h a l l  be ava i l ab le  a t  a l l  times. 
c. Temperature 
The temperature sha l l  be maintained a t  about 32OC. 
2. Exposure 
a. A  suspension o r  e x t r a c t  o f  the sample s h a l l  be added t o  the d r i n k i n g  
water. 
b. The sample i n  s o l i d  form sha l l  be incorporated i n t o  the food. 
c. A  suspeqsion, f i l t r a t e ,  o r  e x t r a c t  o f  the sample sha l l  be i n jec ted  
i n t rape r i t onea l l y ,  o r  in t ramuscular ly .  
3. Assessment 
a. The development and growth r a t e  o f  the chicks s h a l l  be observed. 
b. Any ch i ck  showing abnormal signs sha l l  be s a c r i f i c e d  and attempts s h a l l  
be made t o  i s o l a t e  r e p l i c a t i n g  organisms. This  sha l l  be done by cu l tu r i ng ,  
b l  ind 'passage i n  animals amJ eggs, and microscopic techniques. 
4. Reference 
The UFAW Handbook on the Care and Management o f  Laboratory Animals, 1967. 
3rd Ed. The Wil l iams and Wi lk ins  Co., Balt imore. 
-. ;* . -. -0 S t t r  ti a, pa%1 -'61, '7965. *'-Avi2n'PhFs? 91 oGY ,W"ET Cm?%ck- pub 1 15m"g-- 
Associates , I thaca, New York. 
CLASS AVES 
Coturn ix  c o t u r n i x  ( c o t u r n i x  quai  1)  
'The s h o r t  c y c l e  o f  t h i s  b i r d  makes i t  an e x c e l l e n t  species f o r  quarant ine 
t e s t i n g .  The incuba t ion  pe r i od  i s  16-17 days. Sexual m a t u r i t y  takes p lace  
6 t o  7 weeks a f t e r  hatch i n g  . 
1 . &a i n tenance 
a .  Equipment 
(1) Standard i n d i v i d u a l  p o u l t r y  cages s h a l l  be used f o r  a d u l t  q u a i l .  
(2) In termediate-s tage growing b a t t e r i e s  f o r  p o u l t r y  s h a l l  be used as 
colony cages f o r  adu l t s .  Colony u n i t s  o f  18 females and 6 males 
can be maintained i n  a  2' X 2-1/4' f l o o r  area. 
(3) Cages w i t h  low c e i  1  ings o r  a  c l o t h  b u f f e r  beneath the w i r e  top o f  
the cage s h a l l  be used t o  e l i m i n a t e  i n j u r y  (sca lp ing)  i n  an at tempt  
t o  f l y .  Cage he igh t  i d e a l l y  should be no g rea te r  than 6", however, 
cages f o r  domestic ch icks  a r e  u s u a l l y  12". 
b. Feeding I 
( l ) .Food  and water s h a l l  be a v a i l a b l e  a t  a l l  t imes. Turkey s t a r t e r  
crumbles o r  commercial game r a t i o n s  s h a l l  be used. 
(2) For germ-free work, a  semi-sol i d  d i e t  w i t h  agar and water s h a l l  be 
used t o  e l  imi  na t e  waste and dust  . 
c .  L i g h t i n g  
(1) Rec. l,snded d a i l y  pi loto pc i od  o f  10L 140 t o  20L 4 D .  
(2) The d u r a t i o n  o f  day1 i g h t  a f f e c t s  egg p roduc t ion .  Long days s t i m u l a t e  
egg l a y i n g  and shortened day l eng th  i n h i b i t s  lay ing .  A day l eng th  
of 14 hours i s  p r e f e r r e d  f o r  susta ined egg l ay i ng .  
d. Incubat ion 
(1) The av2rage we igh t  o f  the eggs i s  9 grams. 
(2) Eggs sha l l  be stored a t  10-15~C a t  80-90% humidity.  
(3) Corrmercial incubators w i t h  modi f ied t rays  f o r  game b i r d  eggs sha l l  
be used. 
(4) The temperature s h a l l  be 37.2-37 . ~ O C  i n  forced-ai  r incubators. 
The temperature i n  s t a t i c - a i r  incubator. s h a l l  be 38.9-39.4'~. 
Humid i t y  s h a l l  be 60-75%. 
(5) Eggs s h a l l  be turned several t imes a day by manual o r  mechanical 
turners.  
( 6 )  Incubat ion time i s  16-17 days. hear the end o f  t h i s  per iod  the 
eggs should receive a l i g h t  spray o f  water severa: t imes a day t o  
prevent d ry ing  o f  membranes. 
e .  Brooding 
(1 )  The brooding per iod  i s  o f  4-week dura t ion .  Chick s t a r t e r  b a t t e r i e s  
e. 
s h a l l  be used as brooders the f i r s t  week a f t e r  hstching. 
(2) A f t e r  the f i r s t  week,wire f l o o r s  are des i rab le .  
(3) An i n i t i a l  temperaiure o f  ;'O? i s  p re fer red .  The temperature 
s h a l l  be gradua l ly  decreased a t  2-3 '~ per week u n t i  1 the chicks are f u l l y  
feathered. 
(4) Continuous l i g h t i n g  i s  required. 
2. Exposure 
The a d u l t  q u a i l  s h a l l  be exposed t o  the lunar  sample as f o l l w s :  
(a) The lunar  sample sha l l  be added i n t o  the d r i n k i n g  water. 
(b) The lunar  sample sha l l  be incorporated i n t o  the food. 
(c) A suspension i n  p h y s i ~ l o g i c a l  sat ine, f i l t r a t e ,  o r  e x t r a c t  o f  the lunar  
sample sha l l  be i n jec ted  i n t o  the q u a i l .  
I n j e c t i o n  sha l l  be by the f o l l o w i n g  routes: 
A i r  sac, intraperitonea.1, and in t racerebra l  
3. Assessment 
(a) The a c t i v i t y  of the adu l t  qua i l  sha l l  be observed. 
(b) F e r t i  1 ized eggs l a i d  by exposed females s h a l l  be incubated and the 
percent hatching s h a l l  be determined. 
(c) Some eggs s h a l l  be s a c r i f i c e d  f o r  embryological s tudies.  
(d) The morphology and development o f  the o f f s p r i n g  s h a l l  be observed. 
4. References 
Howes, J.R. and Ivey, W.D., 1961. .Coturn ix  qua i l  f o r  avian research. 
F e e d s t u f f s ,  Minneapolis 33, 21, 38-39. 
Padgett, C.S. and Ivey, W.D., 1959. Coturn ix  qua i l  as a laboratory 
research animal. Science 129, 267-268. 
Padgett, C.S. and Ivey, W.D., 1960. The normal embryology o f  the co tu rn i x  
q u a i l .  Ana. Rec., 137, 1-11 .  
Reyniers, J.A. and Sacksteder, M.R., 1960. Rais ing Japanese quai 1 
under geibn-free and conventional cond i t ions  and t h e i r  use i n  cancer research. 
J.  Na t l .  Cancer Inst . ,  24, 1405-1421. 
Wilson, W.O., Abbott, U.K.,and Abplanalp, H., 1961. Evalbat ien of  
co tu rn i x  ( ~ a ~ a n e s e  quai 1) as p i  l o t  animal f o r  p o u l t r y .  Poul try- Science, 
The UFAW Handbook on the Care and Hanagement o f  Laboratory Animals, 
3 rd  Ed., 1967. The W i  1 1  iams & W i  l k i n ' s  Co., Balt imore. 
. 
Qua i l  Quar te r ly ,  A Newsletter f o r  Biomedical Research Workers, 
J. R. Howes, Ed i to r .  
5. Source 
Department o f  Pou l t r y  Science 
Auburn Un ive rs i t y  
Puburn, Alabama 
Un ive rs i t y  o f  C a l i f o r n i a ,  a t  Davis. 
CLASS MAMMALIA 
Mus _muscul us ( ~ o u s e )  
-
Cavl a po rce l  1 us (Gu : nea p i g) 
-
I. Subiects 
a. A l l  animals sha l l  be pathogen-free. I n  add i t ion ,  germ-free animals 
sha l l  be used. 
Due t o  space l i m i t a t i o n s  i n  the lunar rece i v ing  laboratory,  on ly  
one o r  two species o f  mammals ( m i ~ e ,  guinea p igs ,  o r  hamsters) s h a l l  
be used f o r  pr imary challenge. If a suspected lunar  organism i s  
i so la ted ,  however, i t s  p o t e n t i a l  hazard must be assessed against o ther  
mammals. If the presence o f  pathogens i s  suspected a f t e r  an i n i t i a l  
t e s t i n g  o f  1 o r  2 species, then tes ts  sha l l  be extended to  inc.ll,de non- 
human primates. For t ha t  reason, an extended preference 1 i s t  i s  
provided. 
(1 )  Mouse (newbcrn & adu l t )  
(2) Guinea p i g  
( Hamsters (newborn & c,:ul t) 
(4) Monkey (newborn & j uven i l e )  
(5) Rabbi t 
(6) Rat 
(7) Fe r re t  
(8) Swine 
(9) Cat 
( 10) Dog 
b. ~t has been recommendedthat ser ious cons idera t ion  be g iven t o  the 'use o f  
volunteers i n  eva lua t ing  poss ib le  e f f e c t s  on man o f  lunar  ma te r i a l .  Jhis 
4 
can on l y  be done a f t e r  adequate sa fe ty  tes t s  i n  animals t o  inkur.e - , a f 
. , :: 
permiss ib le l eve l s  o f  var ious forms o f  t o x i c i t y  o f  the mater ia l .  Methodology 
of the experiments would be designed a t  the t ime o f  the tes t ,  
2. Ma i n tenance 
Ins t ruc t ions  f o r  animal maintenance w i l l  be found i n  the reference. 
a. Animals sha l l  be b led  p r i o r  t o  inoculat ion,  dur ing  the incubat ion, 
and a t  the end o f  the experiment. Newborn animals sha l l  no t  be bled. 
(1) Small animals sha l l  be b led  from the hear t  (adu l t  mice, guinea 
p igs ,  adu l t  hamsters, ra t s ,  rabb i ts ,  cats,  f e r re t s ) .  
(2)  i a r g e r  animals on the preference 1 i s t  s h a l l  be b led  as fo l lows:  
dogs from the cephal ic  v e i n  and swjne from the ear v e i n  o r  hear t .  
(3) It i s  p re ferab le  t o  separate blood i n t o  plasma and rbc and s to re  
both. 
b, Mammals sha l l  be challenged by one o r  a l l  o f  the fo l l ow ing  routes: 
(1 )  Ingest ion 
A suspension,sediinent,or an e x t r a c t  o f  the lunar  sample 
sha l l  be added t o  the food. 
(2) I n j e c t i o n  
The f o l l o ~ ~  ., routes o f  i n j e c t i o n  s h a l l  be used: 
(a) Mics 
The p r e f e r e n t i a l  routes o f  i nocu la t i on  f o r  mice which sha l l  
be used are: 
1 )  In t racerebra l  , i ,c. 
2) I n t rape r i  toneal , i . p .  
3) Intravenous, i , v .  
4) Int ranasal ,  i .n.  
5) Intracutaneous, i ,cut. 
6) Subcutaneous, s. c .  
7) O r 3 1  
(b) Other Animals 
I f  animals o ther  than mice are usad, the p r e f e r e n t i a l  routes 
o f  i nocu la t i on  f o r  tach are: 
1) Guinea p i g  - I n t ~ . s p a r i  toneal, i n t r a t e s t i c u l a r l y  
2) Hamsters - i n t rape r i t onea l ,  intravenous 
3) Monkeys - intravenous 
4) Rabbit - intracutaneods 
5) Fe r re t s  - in t ra l lasal  
c. The s ize  c?f inocula which sha l l  be used are as fo l lows:  
Base 1 i ne 
Animal 
Mouse 
Newborn 
Adul t 
Guinea P ig  
Hamsters 
Newborn 
Adu l t  
Monkeys 
Newborn 
Juveni l e  
Rebb i t . 
Rat 
Ferrrt: 
Sw i ne 
Cat 
009 
Blood Sam l e  
- 7 m e  
Size o f  Inoculurn;': (ml) 
1.C. I.P. I.M. I.V. I-CUT 1.N. 
* Var ia t ions  i n  volumes o f  inoculurn are based on s ize  o f  animal. 
d. Fc.cthod 
(I) Amount o f  Sample 
Ten grams o f  pr ime sample s h a l l  be used. F ive  grams s h a l l  be 
he ld  in  reserve; f i v e  grams s h a l l  be tested. 
(2) Sample Preparat ion 
(a) Sample s h a l l  be ground i f  i t  i s  not  p a r t i c u l a t e .  
(b) Five grams o f  sarrple s h a l l  be suspended i n  30 m l  o f  s t e r i  l e  
phys io log ica l  sa l ine.  
1) S t i r v igorous ly  for  5 minutes. 
2) A1 1 ow t o  s e t t l e  f o r  30 minutes. 
(3) Animal i nocu la t i on  
(a) Hice - two groups o f  f o u r  males each s h a l l  be used. 
1) One set s h a l l  be i n jec ted  i n t r a p e r i t o n e a l l y  w i t h  1 m l  each 
o f  the  supernatant. 
2) The second set  sha l l  be inoculated i n t r a p e r i t o n e a l l y  w i t h  
1 m l  each o f  the  sediment. 
3) A1 1 mice s h a l l  be held 2 weeks and then sac r i f i ced .  
. (b) Guinea p i g s  - two groups o f  two males each s h a l l  be used. 
1) One p a i r  sha l l  be in jec ted i n t r a t e s t i c u l a r l y  w i t h  0 . 5  m l  
o f  the supernatant, he ld  2 weeks f o r  observat ion and then 
. sac r i f i ced .  
2) The second p a i r  s h a l l  be in jec ted i n t r a t e s t i c u l a r l y  w i t h  
0.5 m l  o f  the sediment, held 2 weeks f o r  observat ion and 
then sac r i f i ced .  
4. Assessment 
a. Macroscopic 
Animals sha l l  be obserrzd f requent ly  f o r  symptoms o f  i l l n e s s .  
b. Hicroscopic 
( 1 )  Tissues taken from s ick  animals and used f o r  b l  ind passage sha l l  be 
examined f o r  organisms under the e lec t ron microscope. 
(2) 1 issue sha l l  be f ixed i n  10% formal i n  and processed f o r  h is to log ica l  
study. 
(3)  Secttons sha l l  be stained w i t h  H and E, PAS Gridley modi f icat ion and 
Ganori's methenamine s i l v e r  stains. 
c. Secondary passage 
(1) '  B l ind passage o f  animal mater ia ls sha l l  be made. The brain, 1 iver,  
lungs, kidneys, and samples o f  muscle tissue, sha l l  be homogenized 
( ind iv idua l l y )  and inoculated i n t o  the same animal species using 
the same routes (and volumes o f  inoculum) as i n i t i a l l y .  
These may a lso be combined using 10% suspension o f  v i t a l  organs 
from I.V. o r  I.P. in jected animals. 
(2) Pieces o f  1 iver,  spleen, and lung sha l l  be cul tured on tubes o f  
Sabouraud dextrose agar, brain-heart in fus ion agar w i t h  6% blood, 
and other appropriate media. Two tubesfbr each organ sha l l  be used. 
(3) Culture tubes sha l l  be incubated a t  25 '~  and 3 5 ' ~  and examined 
pe r i od i ca l l y  f o r  signs o f  growth. Tubes sha l l  be held f o r  2 weeks 
before being discarded as negative. 
(4) A l l  organisms that  develop sha l l  be subcultured, studied   microscopic ally, 
and inoculated i n t o  t es t  animals. 
Both l i g h t  and e lec t ron microscopes sha l l  be used. 
5. Reference 
The UFAW Handbook on the Care and Management o f  Laboratory Animals, 
1967. 3rd Ed., Williams and Wilkins Co., Baltimore, 
Charles River Breeding Laboratories, Inc. 
Wi I 1  ington, Massachusetts 01887 
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PLANT SCHEMA 
PR l OR lTY TEST l MC 
D i v  i s  ion Protophyta 
Sch l zomycetes 
Escher ichia co l  i (bacter i ~ m )  
Div is ion Chlorophyta 
Chlorophyceae 
Chlorel l a  (green alga) 
Div is ion Mycophyta 
Phycomycetes 
Rhizopus n i g r  icans (fungus) 
o r  
Ascomycetes 
Neurospora crassa (fungus) 
Div is ion Tracheophyta 
Gymnospe rmae 
Pinus pa lus t r i s  (pine) 
-
Ang iospermae ' 
Tr i t icum vulqa re (wheat) (~onoco t~ ledon)  
Phaseolus vulqar i s  (bean) (D i co t  / ledon) 
PLANT SCHEMA 
ADDITIONAL SPECIES OF HIGH PRIORITY 
Div is ion  Tracheophyta 
4ng i ospe rmae 
Ni cot  i ana tabacum (tobacco- t i ssue cul ture)  
V i c i a  faba (broad bean) 
--
GENERAL STATEMENT 
Plants s h a l l  be exposed t o  the lunar  sample using the procedures 
described i n  the fo l l ow ing  pages. 
1. I n  a l l  instances, whether s p e c i f i c a l l y  c i t e d  o r  not ,  the f i r s t  
assessment w i l l  be t o  determine i f  there a re  any changes i n  the 
genera l ' cond i t ion  o f  the p lan t ,  a l ack  o f  w e l l  being, o r  death. 
If such an a l t e r a t i o n  occurs,then the cause must be determined. 
The change can be due to :  
a. Natura l  causes not  r e l a t e d  t o  sample exposure. 
b. A chemical reac t ion  t o  the sample. 
c. Diseased s t a t e  caused by a r e p l i c a t i n g  organism w i t h i n  the sample. 
2. I f  such gross change does not  occur, then the assessment s h a l l  be 
made according t o  the s p e c i f i c  procedure g iven t o  determine what 
sub t l e  e f f e c t , i f  any, the lunar  sample has on the normal b io logy  
o f  the  organism i n  quest ion. 
3. I n  a l l  t es t s  the experimentals s h a l l  be canpared t o  the cont ro ls .  
4. If 3n a l t e r a t i o n  i n  the general cond i t i on  o f  the exposed p l a n t  appears 
t o  be due t o  a r e p l i c a t i n g  organism, a pa thogen ic i ty  t e s t  s h a l l  be 
performed as f o l  lows: 
a.  I s o l a t i o n  o f  the causal agent i n  pure c u l t u r e  and/or t rans fe r  t o  
another l i v i n g  host i f  i t  i s  an o b l i g a t e  paras i te .  
b. Reinoculat ion o f  the causal agent i n t o  the same species. 
c .  S imi la r  symptoms should appear i n  the host as o r i g i n a l l y  observed. 
d. The same causal agent should be re  iso la ted .  
GENERAL ISOLATION PROCEDURE 
If abnormal symptoms appear on p l a n t s  t rea ted  w i t h  the lunar  sample, the 
fo l l ow ing  procedure sha l l  be fol lowed t o  determine i f  the e f f e c t  i s  due t o  a 
r e p l i c a t i n g  organism: 
1. The abnormal p a r t  o f  the p l a n t  and associated p a r t s  s h a l l  be surface 
d is in fec ted  by treatment w i t h  0.5% sodium hypoch lor i te  f o r  ten minutes. 
2. The p l a n t  p a t t  s h a l l  then be washed w i t h  s t e r i l e  water and placed on a 
su i tab le  growth medium. A l l  forceps, needles,and sca lpe ls  s h a l l  be s te r -  
i l i z e d  by d ipp ing  i n  70% alcohol and f laming the instrument. 
3.  Any organisms tha t  develop s h a l l  be cu l tu red  and eventua l ly  i so la ted  i n  
pure cu l  ture.  
4. The pure c u l t u r e  s h a l l  be re inoculated i n t o  the same host p l a n t  and observed 
f o r  the development of s i m i l a r  symptoms as observed i n  the o r i g i n a l  p lan t .  
5. The same organism should be re i so la ted  from in fec ted  p l a n t .  
6. An organism sha l l  be considered a p lan t  Fathogen i f  a l l  o f  the previous 
cond i t ions  are f u l f i l l e d .  
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ISOLATION PROCEDURE FOR VIRAL ORGANISMS 
If the abnormal symptoms on p l a n t s  exposed t o  the lunar  sample are caused 
by an ob l i ga te  pa ras i te  such as a v i rus ,  the normal i s o l a t i o n  procedure w i l l  
f a i l  t o  detect  the causal agent. The pathogen cannot be cu l tu red  w i thout  a 
l i v i n g  host. The fo l l ow ing  procedure sha l l  be fo l lowed t o  determine i f  the 
symptoms are due t o  a r e p l i c a t i n g  organism. 
1. The abnormal p l a n t  s h a l l  be g ra f ted  t o  a normal p l a n t  us ing  asept ic  
procedures t o  prevent any i n t roduc t i on  o f  add i t i ona l  pathogens. 
2. The g ra f ted  p l a n t s  sha l l  be incubated i n  a h i ih-moisture environment t o  
encourage the g r a f t  union. 
3. Observations sha l l  be made t o  determine i f  s i m i l a r  symptoms appear i n  the 
second p l a n t  t ha t  are comparable t o  those o f  the o r i g i n a l  p lan t .  
4. Add i t iona l  t es t s  s h a l l  be made t o  determine i f  the causal agent can be 
t ransmit ted mechanical ly, such as by rubbing ground p l a n t  mater ia l  on the p l a n t .  
5 .  Tests s h a l l  be conducted t o  determine the c h a r a c t e r i s t i c s  o f  the v i r a l  
agent. The physical  and chemical p rope r t i es  sha l l  be determined by e l e c t r o n  
microscopy and sero log ica l  studies. 
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DIVISION PROTOPHYTA 
CLASS SCH l ZOMYCETES 
ORDER EUBACTER l ALES 
B a c i l l u s  s u b t i l i s  
B a c i l l u s  meqatherium 
I. GERMINATION 
A. Spores 
1. Methods 
a. B a c i l l u s  s u b t i l i s  o r  B a c i l l u s  meqatherium s h a l l  be grown a e r o b i c a l l y  
on p o t a t o  e x t r a c t  medium,Feeneyls complete medium,whey agar, o r  any 
o t h e r  s p o r u l a t i o n  medium. 
b.  A f t e r  the c u l t u r e  has sporu la ted,  the spores s h a l l  be harvested, washed, 
and r e f r i g e r a t e d  u n t i l  needed. 
c .  The spores s h a l l  be heat  shocked f o r  30 minutes a t  60°c be fo re  use. 
2. Exposure 
a. The l una r  sample o r  1 ml o f  a s u i t a b l e  suspension s h a l l  be added t o  
2.5 ml o f  a spore suspension. 
b. The lunar  sample and spore suspension s h a l l  be streaked on s u i t a b l e  
media o r  added t o  20 ml o f  b r o t h  i n  an Erlenmeyer f l a s k  (0.5 m l / p l a te ,  
1.0 ml / f  lask)  . 
(1) Feeney ' s Comp 1 e t e  Med i um:k 
(2) Whey agar 
The c u l t u r e  shal l be incubated a e r o b i c a l l  y a t  25' o r  3S0t. 
3. fissessment 
The e f f e c t  o f  the lunar  sample on germinat ion s h a l l  be determined 
* See appendix f o r  re ference and formula.  
by comparing the percent germination of the treated cultures wlth 
the untreated controls. Plate count methods (as described for  
Escher lchia col 1) shal l  be used i n  th  is assessment. 
4. Source 
American Type.Culture Collection. 
D I V I S I O N  PROTOPHYTA 
CLASS SCHIZOMYCETES 
ORDER EUBACTER l ALES 
Escher ich ia co l  i (bac ter ia )  
I. GROWTH PROCESSES 
A. Growth r a t e  
1. Methods 
-
a .  A suspension conta in ing a known number of  c e l l s  sha l l  be cu l tu red  
i n  a medium conta in ing the lunar  sample. 
b.  A suspension conta in ing a known number o f  c e l l s  sha l l  be exposed 
t o  the lunar sample, washed, and subcultured. 
c. A l l  c e l l s  sha l l  be grown i n  shake cu l tu res  a t  2S0 o r  3S°C f o r  24 
hours. Erlenmeyer f l a s k s  conta in ing  25 m l  o f  n u t r i e n t  o r  Penassay 
b ro th  s h a l l  be used. 
2. Assessment 
Growth r a t e  sha l l  be measured by determining the increase i n  c e l l  
numberduni t  time. 
a. T u r b i d i t y  
Increase i n  t u r b i d i  t y  sha l l  be measured hour ly  us ing a photr . , . : ter .  
b .  Ce l l  count 
Samples (1 ml) sha l l  be removed hour ly  from the f l a s k ,  su i t ab l y  i 
diluted,and p la ted .  Increases i n  c e l l  count /uni t  time as we l l  as 
t o t a l  counts s h a l l  be obtained. The e f f e c t  o f  the lunar s a k l e  on 
the growth r a t e  s h a l l  be obtained by comparing the c e l l s  exposed t o  
the lunar sample w i t h  the untreated cont ro ls .  
B. Genetic Change: Biochemical Mutants 
Genetic changes i n  microorganisms are re f l ec ted  by changes i n  metabol ic 
pathways. The a b i l i t y  o f  the lunar  sample t o  produce mutat ions s h a l l  be 
determined using an organism w i t h  known genetic background. Forward 
mutations su i tab le  f o r  screening fo r  any type o f  mutagenesis s h a l l  be 
determined. These s h a l l  include: 
a. Mutat ion to  Streptomycin res is tan t -g .  c o l i  B o r  K-12 
b. Mutat ion t o  T1 phage r e s i s t a n t  - E. c o l i  B 
c .  Mutat ion t o  va l i ne  r e s i s t a n t  - g. c o l i  K-12 
1 .  Methods 
a. A suspension o f  &. c o l i  K-12 o r  B s h a l l  be cul tured a t  3 5 O ~  i n  a 
medium conta in ing the lunar sample. 
b .  An establ ished c u l t u r e  o f  L. coli sha l l  be exposed t o  the lunar 
sample, washed, and c u l  tured a t  35OC. 
2. Assessment 
. Subsequent generations s h a l l  be observed f o r  h e r i t a b l e  changes. 
If any evidence o f  mutagenesis i s  detected, the s p e c i f i c  type 
of  mutagenesis tha t  i s  being induced sha l l  be determined by us ing 
su i tab le  autotrophs and se lec t i ng  f o r  l lrevertants.! l  A su i tab le  
choice o f  autotrophs would be some o f  the tryptophaneless mutants 
o f  E. c o l i  o f  D r .  Yanofsky o f  Stanford Un ivers i ty ,  Palo A l t o ,  
C a l i f o r n i a .  The frequency o f  "reversion" o f  such mutants s h a l l  be 
determined by p l a t i n g  on minimal medium. The I1rever tants l1 s h a l l  be 
checked t o  determine which amino ac id  subs t i t u t i ons  have occurred. 
By deduction from our knowledge o f  the genet ic  code, one can usua l l y  
i n f e r  which nucleot ide p a i r  changes have occurred. 
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I I . METABOL l SM 
A. Pro te in  Metabolism 
1 .  Cul tures sha l l  be grown a t  25 '~  i n  Erlenmeyer f l a s k s  conta in ing  50 m l  
o f  Medium "CI1 and the lunar sample. Medium "C" i s  given i n  the Appendix. 
2. ~ e u c i n e - c l ~  (1 yc)  sha l l  be added t o  the shake cu l tu res .  
3. Cul tures sha l l  be harvested 24 hours l a t e r .  The reac t ion  s h a l l  be 
stopped by adding 10 m l  o f  10% t r i c h l o r o a c e t i c  acid. The mix ture  
sha l l  be cent r i fuged a t  10,000 g and the supernatant decanted. The 
residue sha l l  be mixed w i t h  5 m l  o f  10% TCA and centr i fuged. Th is  
process sha l l  be repeated three times. 
4. The residue a f t e r  the f i n a l  c e n t r i f u g a t i o n  s h a l l  be suspended i n  10 
ml o f  1 i q u i d  s c i n t i  1 l a t i o n  s o l u t i o n  (2,s-diphenyloxazole and p-bt s-2 
(5-phen~~loxazole) benzene a t  a r a t i o  of  20: 1 i n  p-d ioxane) conta in ing  
t h i x o t r o p i c  gel  t o  suspend the residue. 
5. The amount o f  r a d i o a c t i v i t y  i n  the p r o t e i n  mater ia l  sha l l  be determined 
i n  a l i q u i d  s c i n t i l ! a t i o n  spectrometer. 
6. The e f f e c t  o f  the lunar sample on the incorpora t ion  o f  leucine-C 14 
i n t o  p r o t e i n  s h a l l  be determined by comparison o f  the c e l l s  exposed 
t o  lunar sample w i t h  the untreated con t ro l .  
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B. Nucleic Acid M-t&olism 
1. Shake cu l tu res  sha l l  be grown a t  25 '~  i n  Erlenmeyer f l a s k s  (250 ml) 
conta in ing 50 ml o f  medium and the lunar sample. 
2. 1 p c  o f  adenosine-c14 s h a l l  be added t o  the shake cu l tu res .  
3. The cu l tu res  s h a l l  be harvested a f t e r  24 hours and the nuc le i c  ac ids 
removed by the f o l l o w i n g  method: 
a. The cu l tu res  s h a l l  be c h i l l e d  t o  ~ O C  and one volume o f  10% c h i l l e d  
pe rch lo r i c  ac id  added. Th i s  mixture sha l l  be cent r i fuged a t  
10,000 x  g  and the supernatant discarded. The procedure s h a l l  be 
. repeated. 
b. The residue sha l l  be t reated w i t h  10 ml o f  ethanol and the mixture 
cent r i fuged a t  10,000 g. This  process sha l l  be repeated twice w i t h  
the residue fo l lowed by a f i n a l  treatment us ing ethanol and e ther  
( 1 : l ) .  
c. The residue tha t  i s  f r e e  from l i p i d  mater ia l  a ~ d  soluble phosphate 
compounds s h a l l  be d r i e d  . .d stored. 
d. 100 mg o f  the d r i e d  ma te r ia l  sha l l  be added t o  5 ml o f  5% p e r c l ~ l o r i c  
ac id  and heated f o r  15 minutes. The mixture sha l l  be cent r i fuged 
a t  10,000 x g and the process repeated. Each time, the supernatant 
(which contains the nuc le i c  acids) s h a l l  be co l lec ted .  
4. The supernatant ( from 3 d) s h a l l  be assayed f o r  absorpt ion a t  260 my 
i n a spec t ropho tome t e r  . 
5. The amount of r a d i o a c t i v i t y  i n  the supernatant s h a l l  be determined by 
adding one m l  o f  the mater ia l  t o  10 m l  o f  the dioxane l i q u i d  s c i n t i l l a t i o n  
so lu t ion .  The so lu t ions  shal.1 be counted i n  a l i q u i d  s c i n t i l l a t i o n  
spec t romc t e  r . 
6. The amount o f  deoxyribonucleic ac id  s h a l l  be determined us ing 1 m l  o f  
. the ho t  pe rch lo r i c  ac id  e x t r a c t  and adding 2 m l  o f  the diphenylamine 
reagent. A f t e r  heat ing the mix ture  f o r  10 minutes i n  a b o i l i n g  water 
bath, the s o l ~ t i o n  sha l l  be read a t  600 mp i n  a spcctrophotometer. 
7. The r ibonuc le ic  ac id  content s h a l l  be determined by d iges t ing  the d r i e d  
residue (100 mg o f  sample) i n  10 m l  o f  1 N KOH overnight  a t  37OC. The 
r ibose content sha l i  then be determined by the o r c i n o l  tes t .  I 
8. The e f f e c t  o f  the lunar  sample on nuc le ic  ac id  metabolism s h a l l  be I i 
4 
determilled by comparing the cu l tu res  exposed t o  lunar sample w i t h  the 1 
untreated con t ro l .  
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C. L i p i d  Metabolism 
1. Shake cu l tu res  sha l l  be grown a t  25'~ i n  250 ml Erlenmeyer f l a s k s  con- 
ta in ing  50 m l  o f  vedium and the lunar sample. 
2. One p c  of acetate-c14 sha l l  be added t o  the shake cu l tu res .  
3. The cu l  t u r t r  sha l l  be harvested a f t e r  24 hours. The 1 i p i d s  sha l l  be 
. ext racted b y a d d i n g 2 5 m l  o f  Chloroform-methanol (3:l) t o  t h e c u l t u r e s .  
The ex t rac t i on  'shal l  be repeated three times w i t h  an intervening cen- 
t r i f u g a t i o n  a t  10,000 g each time. The supernatants from the three 
ex t rac t ions  sha l l  be combined t o  represent the t o t a l  l i p i d  f r a c t i o n .  
4. The r a d i o a c t i v i t y  i n  the l i p i d  f r a c t i o n  sha l l  be determined by adding 
1 m i  o f  the l i p i d  f r a c t i o n  t o  10 m l  o f  l i q u i d  s c i n t i l l a t i o n  so lu t i on  
(POP and POPOP i n  toluene. See p a r t  11, A, 4. ). 
5 .  I f  necessary, the l i p i d  f r a c t i o n  sha l l  be f u r t h e r  f rac t ionated by 
applying the sample t o  a s i l i c i c  ac id  column and e l u t i n g  w i t h  d i f f e r e n t  
non-pol ar  solvents (hexane, benzene o r  chloroform) . Gas chromatography 
sha l l  then be used t o  separate the ind iv idua l  compounds. 
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D. Carbohydrate Metabol ism 
1. Shake cul tures shal l  be grown a t  25'~ i n  250 m l  Erlenmeyer f l asks  con- 
ta in ing 50 m l  o f  medium and the lunar sample. 
2. One pc glucose-~14 sha l l  be added to  the shake f lasks.  The f lasks 
shal l  be capped w i th  a large rubber serum stopper. A small p l a s t i c  
cup w i t h  a handle sha l l  be extended through the stopper. The cup sha l l  
contain 0.1 m l  o f  phenethylamine so lu t ion which w i l l  t rap any Cop given 
o f f  by the resp i r ing ce l l s .  
3 .  The C02 col lected i n  the phenethylamine sha l l  be assayed f o r  radio- 
a c t i v i t y  i n  the l i q u i d  s c i n t i l l a t i o n  spectrometer. 
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D l V l S l  ON PROTOPHMA 
CLASS SCHIZOMYCETES 
ORDER PSEUDOMONADALES 
Chlorobium thiosul fatophi lum (green su l fur  bacter ia)  o r  Chlorobium 1 imacola 
PHOTOSYNTHES l S 
These organisms are capable of anaerobic photosynthesis i n  the presence 
of H S and l ' ight.  They do not l i be ra te  oxygen but oxid ize H S t o  elemental 
2 2 
su l fur .  
1. Methods 
a. Shake cul tures sha l l  be grown anaerobical l y  on Larsen's medium* 
14 
containing H S, 2 p c  o f  C 0 and lunar sample. 
2 2 
b. They sha l l  be grown i n  the presence o f  l i g h t  a t  25O~. 
c. The length o f  exposure sha l l  be 3 G  minutes. 
d .  The c e l l s  sha l l  be poured i n t o  b o i l i n g  alcohol t o  stop the 
react ion. 
2. Assessment 
a. The alcohol ex t rac t  sha l l  be analyzed by radioautography t o  determine 
the radioact ive sugars (see procedure f o r  ~ h l o r e l  la) .  
b. The e f f e c t  o f  the lunar sample on photosynthesis sha l l  be measured 
14 by comparing the amount o f  C 0 incorporated i n t o  carbohydrate o f  
2 
the treated c e l l s  compared t o  the untreated controls. I 
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D l V l S l  ON PROTOPHYTA 
CLASS SCHIZOMYCETES 
ORDER PSEUDOMONADALES 
Rhodospiri l lum r u b r ~ m  (purple bacter ia)  
PHOTOSYNTHES l S 
These organisms a t e  ca?able o f  anaerobic photosynthesis when grown on 
media containing CO ard a wide var ie ty  o f  organic compounds i n  the presence 2 
o f  1 ight. 
1. Methods 
a. Shake cul tures 5hal l  be grown anaerobical ly i n  a medium containing 
a wide var ie ty  o f  organic compounds, growcn factors, and the lunar 
samp 1 e . 
b. They sha l l  be grown i n  the l i g h t  a t  25'~. 
c. 2 p c  c140 sha l l  t e  added t o  the f lasks.  
2 
d. The length o f  exposure t o  c140 sha l l  be 30 minutes. i 
e. The c e l l s  sha l l  be poured i n t o  b o i l i n g  alcohol t o  stop the reaction. 
2. Assessment 
a. The alcohol ex t rac t  sha l l  be analyzed by radioautography t o  determine 
the radioact ive sugars (see procedures f o r  Chl ore1 1 a). 
b. The e f f ec t  o f  the lunar sample on photosynthesis sha l l  be measured 
14 
by comparing the amount o f  C 0 incorporated i a t o  carbohydrate o f  2 
the treated c e l l s  compared t o  the untreated controls. 
3. References 
Van Niel,  1944. The cul ture,  physiology, morphology,and c lass i f i ca -  
t i o n  o f  the non-sulfur purple and brown bacteria. Bact. Rev. 8: 1. 
DIVISION PROTOPHYTA 
CLASS SCH l ZOMYCETES 
ORDER EUBACTER l ALES 
Azotobacter v i n l a n d i i  ( n i t rogen- f i x i ng  bac ter ia )  
I. METABOL l SM 
A. Ni troqen f i x a t i o n  
Shake cu l tu res  sha l l  be grown a t  2S0C i n  Burkis n i t rogen- f ree  mineral 
s a l t s  medium conta in ing  the lunar sample. 
2. Assessment 
Growth r a t e  sha l l  be measured by determining the increase i n  c e l l  numbers/ 
u n i t  time. This  ind ica tes  the degree o f  N2 f i x a t i o n .  
a. T u r b i d i t y  
Increase i n  t u r b i d i t y  sha l l  be measured a t  4, 8, 12, 16, and 24 hours 
us ing a photometer. 
b. C e l l  count 
Samples (1 m l )  sha l l  be removed a t  2, 4, 8, 12, 16, and 24 hours from 
the f l a s k ,  s u i t a b l y  di luted,and p la ted .  Increases i n  c e l l  count /uni t  time 
as we l l  as t o t a l  counts s h a l l  be obtained. The e f f e c t  o f  the lunar sample 
on the growth r a t e  s h a l l  be obtained by comparing the c e l l s  exposed t o  
the lunar sample w i t h  the untreated cont ro ls .  
3. References 
Burk, 0 .  and H. Lineweaver, 1930. J. Bac te r i o l .  19: 389-414. 
DIVISION CYANOPHYTA 
:LASS CYANOPHYCEAE 
Anacystis n idulans (blue-green algae) 
I. GROWTH AND DEVELOPMENT 
A. Cul ture 
1. Maintenance 
a. A high-temperature s t r a i n  i s  recommended. 
b. In format ion on the c u l t u r i n g  o f  Anacyst is i s  given i n  the reference, 
Kratz and Myers, 1955. 
2. Exposure 
A suspension o r  an e x t r a c t  o f  the lunar sample s h a l l  be added t o  
the c u l t u r e  medium. 
3. Assessment 
The e f f e c t  o f  the lunar sample on the growth of a c u l t u r e  o f  Anacyst is 
s h a l l  'be determined. 
4. Reference 
Benoi t. 1960. Se lec t ion  o f  an algae f o r  a photosynthet ic  gas 
.exchanger. Wright A i r  Development D iv i s ion .  Tech. Report 60-163. 
O f f i c e  o f  Technical Services, U.S. Department o f  Commerce. 
Kratz, W.A. and J. Myers, 1955. N u t r i t i o n  and growth o f  several 
I 
blue-green algae. h e r .  J .  Bot. 42: 282-287. 
4: 
5. Source 
S t r a i n  1 U 625 may be obtained from: 
Dr. Richar S ta r r  
Cu l tu re  C o l l e c t i o n  o f  Algae 
Department o f  Botany 
Un ive rs i t y  o f  lndiana 
Bloomington, lndiana 
DIVISION CHLOROPHYTA 
CLASS CHLOROPHYCEAE 
ORDER CHLOROCCALES 
Chlore l  l a  (green algae) 
I. METABOLISM 
A. Photosynthesis 
1. Methods 
Shake cu l tu res  s h a l l  be used. The lunar  sample s h a l l  be incorporated 
i n t o  the c u l t u r e  medium (Ch lo re l l a  medium). Cul tures s h a l l  be grown a t  
25 '~  i n  the l i g h t .  
a. The path o f  carbon 
14 (1)  The incorpora t ion  o f  C O2 i n t o  carbohydrates by photosynthesis 
sha l l  be studied. 
(2) Orgznisms sha l l  be exposed t o  c1402 i n  a f l a t t e n e d  separatory 
funnel i n  the presence o f  l i g h t .  
(3) The length of exposure t o  c1402 sha l l  be 10 minutes and the 
concentrat ion sha l l  be 2 ~ c .  
(4) The c e l l s  sha l l  be poured i n t o  b o i l i n g  alcohol t o  stop the 
react  ion. 
(5) The alcohol e x t r a c t  sha l l  be analyzed by radioautograph) t o  
determine the rad ioac t ive  sugars (see references).  
b. Photosynthet ic rate;\ 
(1) The r a t e  o f  photosynthesis s h a l l  be determined us ing a Warburg 
respirometer o r  oxygen e lect rodes.  * 
(2) The r a t e  o f  oxygen evolved as compared to  the amount o f  carbon i P 
d iox ide  taken up by exposed c e l l s  sha l l  be determined. I 
* If the incorporat ion o f  ~ 1 4 0 2  i n t o  carbohydrate i s  determined, Warburg studies 
are superfluous. 
2. Assessment 
Experimental and con t ro l  c u l t u r e s  s h a l l  be compared t o  determine 
the e f f e c t  o f  the lunar sample on photosynthesis. 
3. References 
Bassham, J.4. and M. Calvin, 1957. The Path o f  Carbon i n  Photo- 
synthesis. Prent ice  Ha l l ,  Englewood C l i f f s ,  N.J. 
Bonner, J. and J.E. Varner, 1965. P lan t  Biochemistry. Academic 
Press, N.Y. 
B. Pro te in  Metabolism 
1 .  Cul tures sha l l  be grown a t  2S0c i n  the presence o f  l i g h t  i n  Erlenmeyer 
f l a s k s  conta in ing 50 m l  o f  C h l o r e l l a  medium conta in ing the lunar  sample. 
i. ~ e u c i n e - t 1 4  (1 pc) sha l l  be added t o  these shake cu l tu res .  
3. Cul tures sha l l  be harvested 24 hours l a t e r .  The reac t i on  sha l l  be 
stopped by adding 10 m l  o f  10% t r i c h l o r o a c e t i c  acid. The mixture sha l l  
be cent r i fuged a t  10,000 g and the supernatant decanted. The residue 
sha l l  be mixed w i t h  5 m l  o f  10% TCA and centr i fuged.  This  process s h a l l  
be repeated three times. 
4. 'Tne residue a f t e r  the f i n a l  c e n t r i f u g a t i o n  sha l l  be suspended i n  10 m l  
o f  l i q u i d  s c i n t i l l a t i o n  s o l u t i o n  (2,s-diphenyloxazole) benzcne a t  a 
r a t i o  o f  20: 1 i n  p-dioxane) conta in ing  t h i x o t r o p i c  ge l  t o  suspend the 
residue. 
5. The amount o f  r a d i o a c t i v i t y  i n  t h i  p r o t e i n  mater ia l  s h a l l  be determined 
i n  a l i q u i d  s c i n t i l l a t i ~ n  spectrometer. 
6. The e f f e c t  o f  the lunar sample on the incorpora t ion  o f  leucine-c14 i n t o  
p r o t e i n  s h a l l  be determined by comparison o f  the c e l l s  exposed to  lunar 
sample w i t h  the untreated con t ro l .  
k ~ i d r e n c e s  
. '. - 
Bray, G.H., 1960. A simple e f f i c i e n t  1 i q u i d  s c i n t i l  l a t o r  f o r  count ing 
aqueous so lu t ions  i n  a  l i q u i d  s c i n t i l l a t i o n  counter. Anal. Biochem. 1: 279- 
282. 
Lowry, O.H., H.J. Rosebrough, A.L. Far r ,  and R.J. Randal, 1951. P ro te in  
measurements w i t h  the f o l  i n  phenol reagent. J. B i o l .  Chem. 193: 265-275. 
Siegel, M.R. and H.D. Sis le r ,  1964. S i t e  o f  ac t i on  o f  cycloheximide i n  
c e l l s  of Saccharomyces pastor ianus. 1 1 .  The nature o f  i n h i b i t i o n  o f  p r o t e i n  
synthesis i n  a  ce l  1- f  ree system. Biochim. Biophys. Acta 87: 83-89; 
Wang, C.H. and D.L. W i l l i s ,  1965. Radiotracer Methodology i n  B i o l o g i c a l  
Science. Prent ice Hal 1 ,Englewood C1 i f f  s, N. J. 
W i  sseman, G. L.  , J .E. Smadel , F.E. Hahn, and H.E . Hopps, 1954. Mode o f  
ac t i on  o f  chloroamphenicol. I. Act ion  o f  chloroamphenicol on ass im i l a t i on  
o f  a m n i a  and on synthesis o f  p ro te ins  and nuc le i c  ac ids i n  Escher ich ia 
c o l i .  J. B a c t e r i o l .  65: 662-673. 
-
C. Nucleic Acid Metabolism 
1. Shake cu l tu res  sha l l  be grown a t  25 '~  i n  Erlenmeyer f l a s k s  (250 m l )  
conta in ing 50 ml o f  medium and the lunar sample. 
2. 1 p c  o f  adenosine-c14 s h a l l  be added t o  the shake cu l tu res .  
3. The cu l tu res  sha l l  be harvested a f t e r  24 hours and the nuc le i c  acids 
removed by the fo l l ow ing  method: 
a. The cu l tu res  s h a l l  be c h i l l e d  t o  8 ' ~  and one volume o f  10% ch i1  led 
pe rch lo r i c  ac id  added. This  mixture s h a l l  be cent r i fuged a t  10,000 
x g and the supernatant discarded. The procedure sha l l  be repeated. 
b.  The residue sha l l  be t rea ted  w i t h  10 ml o f  ethanol and the mixture 
cent r i fuged a t  10,000 g. This  process s h a l l  be repeated twice w i t h  
the residue fol lowed by a f i n a l  treatment us ing e t h a ~ ~ o r  and ether  
(1:l). 
c .  The residue tha t  i s  f ree from l i p i d  mater ia l  and soluble phosphate 
compounds shal l be d r i e d  and stored. 
d.  100 mg of the d r i e d  mater ia l  sha l l  be added t o  5 ml o f  5% pe rch lo r i c  
ac id  and heated f o r  15 minutes. The mixture s h a l l  be cent r i fuged 
a t  10,000 x g and the process repeated. Each time the supernatant 
. 
(which conta ins the nuc le i c  acids) s h a l l  be co l lec ted .  
4. The supernatant from 3 d s h a l l  be assayed f o r  absorpt ion a t  260 q p  i n  
a spec t ropho tome t e  r . 
5. The amount of r a d i o a c t i v i t y  i n  the supernatant s h a l l  be determined by 
adding one m l  o f  the ma te r ia l  t o  10 m l  o f  the dicxane l i q u i d  s c i n t i l -  
l a t i o n  so lu t ion .  +he so lu t ions  s h a l l  be counted i n  a l i q u i d  s c i n t i l -  
l a t i o n  spectrometer. 
6 .  The amount o f  deoxyribonucleic ac id  s h a l l  be determined us ing 1 ml o f  
the hot  p e r c h l o r i c  a c i d  e x t r a c t  and adding 2 ml o f  the diphenylamine 
reagent. A f t e r  heat ing the,mixture f o r  10 minutes i n  a bo i  1 i ng  water 
'bath, the s o l u t i o n  sha l l  be read a t  600 mp i n  a spectrophotometer. 
7 .  The r ibonuc le ic  ac id  content s h a l l  be determined by d iges t i ng  the d r i e d  
residue (100 mg of sample) i n  10 m l  of 1 N KOH overnight  a t  37OC. The 
r ibose content s h a l l  then be determined by the o r c i n o l  t es t .  
8. The e f f e c t  o f  the lunar sample on 'nucle ic  ac id  metabol ism s h a l l  be 
determined by comparing tt.2 cu l t u res  exposed t o  lunar sample w i t h  the 
untreated con t ro l .  
References 
! 
De Deken-Grenson, M. and R.H. De Deken, 1959. E l im ina t i on  o f  substances ! 
i n t e r f e r i n g  w i t h  nuc le ic  ac ids est imat ion.  Biochim. Biophys. Acta 31: 194-208. 
i 
C 
Schneider, W.C., 1957. Determination of nuc le ic  ac ids i n  t i ssues  by 
pentose analysis,  p. 680-684. I n  S.P. Colowick and N.O. Kaplan (ed.) 
Methods i n  enzymology I1 I. Academic Press Inc., New York. 
0. L i p i d  Metabolism 
1. Shake cu l tu res  sha l l  be grown a t  25 '~ i n  250 ml Erlenmeyer f lakks con- 
t a i n i n g  50 ml o f  medium and the lunar  sample. 
2. One p c  o f  acetate-ti4 sha l l  be added t o  the shake cu l tu res .  
3 .  The cu l tu res  sha l l  be harvested a f t e r  24 hours. The 1 i p i d s  sha l l  be 
ext rac ted  by adding 25 ml o f  Chloroform-methanol (3: 1) t o  the cu l tu res .  
The e x t r a c t i o n  sha l l  be repeated three times w i t h  an in te rven ing  cen- 
t r i f u g a t i o n  a t  10,000 g  each time. The supernatants from the three 
ex t rac t ions  s h a l l  be combined t o  represent the t o t a l  l i p i d  f r a c t i o n .  
4. The r a d i o a c t i v i t y  i n  the l i p i d  f r a c t i o n  s h a l l  be determined by adding 
1 m l  o f  the l i p i d  f r a c t i o n  t o  10 ml o f  l i q u i d  s c i n t i l l a t i o n  s o l u t i o n  
(POP and POPOF i n  to1 uene) . 
5. If necessary, the l i p i d  f r a c t i o n  s h a l l  be f u r t h e r  f rac t i ona ted  by 
apply ing the sample t o  a  s i l i c i c  ac id  column and e l u t i n g  w i t h  d i f f e r e n t  
man-polar solvents (hexane, benzene, o r  chloroform). Gas chromqtography 
s h a l l  then be used t o  separate the i nd i v idua l  compounds. 
References 
Desty, D.H. and A. Goldup, 1960. I n  R.P.W. Scott  (ed.) Gas chromatog- 
raphy. Butterworths, London. 
Deuel, Jr. ,  H.J. The l i p i d s ,  t h e i r  chemistry and biochemistry.  I n te r -  
science, N.Y. 1951. 
Stumpf, P.K., 1960. L i p i d  metabolism. Ann. Rev. Biochem. 29:261. 
E. Carbohydrate Metabol ism 
1. Shake cu l tu res  shal l be grown a t  25 '~ i n  250 m l  Erlenmeyer f l a s t s  con- 
t a i n i n g  50 m l  o f  medium and the lunar  sample, 
2. One pc g lucose -~14  sha l l  be added t o  the shake f l asks .  The f l a s k s  sha l l  
be capped w i t h  a l a rge  rubber serum stopDer. A small p l a s t i c  cup w i t h  
a handle s h a l l  be extended through the stopper. The cup s h a l l  conta in  
0.1 ml o f  phenethylamine s o l u t i o n  which w i l l  t rap  any C02 given o f f  by 
the r e s p i r i n g  c e l l s .  
3 .  The C02 co l l ec ted  i n  the phenethylamine s h a l l  be assayed f o r  radio-  
a c t i v i t y  i n  the l i q u i d  s t i n t i l l a t i o n  spectrometer. 
4. The emunt  o f  ~ 1 4 0 ~  released by the breakdown o f  g lucose -~14  i s  a 
measure o f  carbohydrate metabolism 
References 
Arnoff ,  S., 1961. Techniques o f  radiobiochemistry.  Iowa State 
Universi  ty, Ames. 
Greenberg, D.M., 1960. Metabol i c  pathways. Academic Press, N.Y.  
Pigman, W., !357. The carbohydrates. Academic Prcss, N.Y.  
. Rapkin, E., 1962. Measurement o f  C1402 by s c i n t i l l a t i o n  techniques. 
Packard Tech. B u l l .  7: 1962. 
Source 
A high-temperature s t r a i n  i s  recommended: (Or ig ina l  s t r a i r ,  T X 71105) 
S t r a i n  1 U 1230 may be obtained from: 
D r .  Pichard Star r  
Cul ture Col l e c t  ion o f  Algae 
Department o f  Botany 
Un ivers i ty  o f  lndiana 
Bloomington, lndiana 
Bacter ia- f ree cu l tu res  are ava i lab le .  
D l  V l S l ON EUGLEt4OPHYTA 
CLASS EUGLENOPHYCEAE 
ORDER EUGLENALES 
Euqlena g r a c i l i s  (un ice l lu lar  algae) 
I . METABOL l SM 
A. Chlorophyll synthesis 
1. Methods 
a. Shake cul tures o f  Euqlena g r a c i l i s  sha l l  be grown i n  the dark 
f o r  72 hours a t  25'~ i n  the presence o f  the 1 unar sample (or 
extract)  .* 
b. Samples o f  these cul tures sha l l  be subjected t o  300 foot  
candles o f  1 ight. 
2. Assessment 
a. Regeneration o f  chlorophyl l  sha l l  be observed v i sua l l y  by 
corrparing treated cul tures w i t h  controls a t  12, 18, 24, a.ld 
36 hours. 
b. If desired, the amount o f  chlorophyl l  sha l l  a lso be determined 
by acetone ext rac t ion and spectrophotometric analyses. 
B. Photosynthesis 
1. Methods 
a. The rest  o f  the cu l ture  (from A, 1, b) sha l l  be grown i n  the 
1 ight  f o r  24 hours. 
b. 2 p c  o f  c1402 sha l l  be added. 
 h he formula f o r  t h i s  medium i s  given i n  the section on Animal Challenge. 
c. A f te r  30 minutes, the reaction sha l l  be stopped by pouring the 
cu l ture  i n t o  boi 1 ing alcohol. 
2. Assessment 
The alcohol ex t rac t  sha l l  be analyzed by radioautography t o  determine 
the radioaztive sugars. Experimental and control  cu l tures sha l l  be 
compared t o  determine the e f f ec t s  o f  the lunar sample on photosynthesis. 
3. References 
Animal Challenge section o f  the protocol,  page 155. 
Wolken, J.J., 1967. Euqlena, an experimental organism f o r  b io-  
chemical and biophysical studies. Meredith Put l ish ing Co., New York, 
New York. 
Source 
1. Information on the cu l t u r i ng  o f  Euglena: 
D r .  Seymour Hutner 
Haskins Laboratory 
305 E. 43rd S t .  
New York, New York 10017 
2. St ra in  1 U 753 i s  avai lable from: 
D r .  Richard Starr  
. Culture Col lect ion o f  Algae 
Department o f  Botany 
Univers i ty o f  lndiana 
Bloomington, lndiana 
Bacteria f ree cul tures are avai lable. 
The I1Z strain1' i s recormended. 
D l  V l S l ON CHRYSOPHYTA 
CLASS CHRYSOPHYCEAE 
ORDER CHRYS OMONADALES 
Ochromonas dani ca (golden-brown algae) 
I. G R M H  AND DEVELOPMENT 
A. Culture 
1. Methods 
a. The basic soi l-water medium shal l  be made by placing a small 
quant i t y  o f  powdered CaCO. i n a t e s t  tube and add i ng 1 /4It - 3 
1/2" o f  ,garden soi 1 t o  the tube. The soi 1 should have an 
average humus content. So i ls  w i t h  a high c lay content, o r  
soil; that  have been recent ly f e r t i l i z e d  w i t h  a commercial 
f e r t i l i z e r ,  sha l l  not be used. 
b. D i s t i l l e d  water sha l l  be added u n t i l  the tube i s  three-quarters 
f u l l .  
c. The tubes sha l l  be stoppered w i t h  cot ton and steamed, not 
0 
autoclaved, f o r  one hour a t  100 C on two consecutive days. 
d. Tubes sha l l  be allowed t o  c lear by s e t t l i n g  before they are 
inoculated. 
2. Exposure 
A suspension or  an ext rac t  o f  the lunar sample shal l  be 
incorporated i n t o  the cu l ture  medium. 
3. Assessment 
a. The growth o f  the exposed cu l tu re  sha l l  be observed and com- 
pared w i th  the controls. 
b. The a c t i v i t y  of Ochromonas sha l l  be studied. I+  i s  a pa r t i c l e -  
ingesting organism. 
4. Reference 
Bold, H.C., 1957, Morphology of Plants, Harper and Brothers, 
New York, New York. 
Pringsheim, E.G. ,  1946, Pure Cultures o f  Algae, Their Pre- 
parat ion and Maintenance, Cambridge Univers i ty Press, Cambridge, 
England. 
Pr:ngsheim, E.G., 1950,'The Soil-Water Culture Technique f o r  
Growing Algae," The Culturing o f  Algae, a Symposium, Ketter ing 
Foundation. 
I 
5 .  Source 
S t ra in  I U 1298 may be obtained from: 
Dr .  Richard Star r  
Culture Col l ec t  ion o f  Algae 
Depa rtment c f  Botany 
Univers i ty o f  Indiana 
Bloomington, Indiana 
Bacteria-free cul tures are avai ldble.  
DIVISION MYXOPHYTA 
CLASS MYXOMYCETE S 
ORDER PHYSARALES 
Physarum pol  ycephal um ( s l  ime mold) 
I. GROWTH PROCESSES 
A. Dynamics o f  movement 
1. Methods 
a. S c l e r o t i a  of Physarum ~ o l ~ c e ~ h a l u m  s k i l l  be germinated i n  an oatmeal 
agar medium:: conta in ing  the lunar'sample. 
b. The growing p o r t i o n  o f  the plasmodium s h a l l  be t rans fer red  t o  a ' 
mediuv conta in ing  the lunar sample. 
* 
2. Assessment 
a. The newly growing plasmodium sha l l  be examined f o r  i t s  co lo r ,  con- 
s i stency, and general s t ruc ture .  
b. The streaming o f  the plasmodia1 p ro top las t  and the reversal  o f  the 
d i r e c t i o n  o f  the streaming s h a l l  be observed under the microscope. 
c. Treated and untreated c e l l s  sha l l  be compared. 
D i f f e r e n t i a t i o n  
1. Methods 
-
a. Physarum polycephalum s h a l l  be grown i n  the presence o f  the lunar 
1 
sarnp le .  
b. D i f f e r e n t i a t i o n  o f  sporocarps s h a l l  be studied. 
c. The s l i d e  c u l t u r e  technique s h a l l  be used. This  technique i s  g iven 
in  the appendix. 
2. Assessment 
a. The undisturbed re la t i onsh ip  between the protoplasm and format ion  
* The formula f o r  t h i s  medium i s  given i n  the appendix. 
o f  reproductive and o t k ,  special ized structures shal l  be observed 
microscopically.  
b, Treated cul tures sha l l  be compared wi th  the untreated controls .  
Reference 
Alexopoulos, C.J. and E.S. Beneke, 1965. Laboratory Manual f o r  
Introductory Hycology, 5: 48-49. 
Source 
General Biologics: Supply House (Turtox),  Chicago, I 1  1 .  
D I V I S I O N  MYCOPHYTA 
CLASS PHYCOMYCETES 
ORDER MUCORALES 
Rhizopus n i q r  icans ( fung i )  
I. GERMINATION 
A. Spores 
1. Methods 
a, Rhizopus n iq r i cans  s h a l l  be grown .on Fotherg i  1 1  ' s  medium a t  25 '~ f o r  
several days. 
b. The spores s h a l l  be harvested and washed. 
c. The lunar sarnile sha l l  be inzorporated i n t o  a germinat ion s o l u t i o n  
cons i s t i ng  o f  0.01 M p r o l i n e  and 0.1 M phosphate b u f f e r  pH 6.5. 
d. .The spores s h a l l  be germinated f o r  8 hours i n  t h i s  mixture by: 
(1) Plac ing them i n  a p e t r i  p l a t e  conta in ing the so lu t i on .  
(2) Pldcing them on f i l t e r  paper f l o a t e d  on the surface o f  the so lu t i on .  
2. Assessment 
The percent germinat ion compared w i t h  the untreated con t ro l s  sha l l  be 
determined t o  assess the e f f e c t  o f  the lunar  sample on t h i s  process. 
3. References 
Weber, D.S. and J.M. Ogawa, 1965. The s p e c i f i c i t y  o f  Pro1 ine i n  the 
germinat ion  o f  spores o f  Rhizopus ar rh izus .  Phytopathology, 55, 262-266. 
4. Source 
Stock Center f o r  Fungi 
USDA Labora to ry  
Peoria, I l l i n o i s  
A. Asexual: con id ia  formation 
1 .  Methods 
a. An establ ished c u l t u r e  o f  Rhizopus s h a l l  be dusted w i t h  the lunar  
sample, washed,and grown on F o t h e r g i l l ' s  s o l i d  medium.tk 
b. Vegetative c e l l s  o f  Rhizopus s h a l l  be grown on F o t h e r g i l l ' s  s o l i d  
medium conta in ing the lunar sample. 
2. Assessment 
The a b i l i t y  o f  exposed vegetat ive c e l l s  t o  form spores sha l l  be 
studied. 
B. Sexual: Zygote formation 
1. Methods 
-
a. A p lus  s t r a i n  and a minus s t r a i n  o f  Rhizopus t rea ted  as indicated 
above sha l l  be inoculated on F o t h e r g i l l ' s  s o l i d  medium on opposite 
sides o f  a p e t r i  d ish.  
b. The p la tes  s h a l l  be incubated a t  25'~. 
c. Zygospores w i l l  form i n  the area where the mycel ia o f  the two s t r a i n s  
have grown together . 
2. Assessment 
A comparison o f  the zygospores formed from cu l tu res  exposed t o  the 
lunar sample w i t h  those o f  untreated con t ro l s  sha l l  i nd i ca te  the e f f e c t  
o f  lunar mater ia l  on zygospore fo imat ion.  
Reference 
Cutter,  J r . ,  V.M., 1942. B u l l .  Torrey Bot.  Club 69: 480-616. 
* The formula f o r  t h i s  medium i s  given i n  the appendix. 
DIVISION MYCOPHYTA 
CLASS PHYCOMYCETES 
ORDER PERONOSPORALES 
Py thium debaryanum (water mold) 
I . REPRODUCT l ON 
A. Asexual 
1. Method 
a. The fungus sha l l  be grown on pota to  dextrose medium ( l i q u i d )  a t  
28O~ f o r  2-3 days. 
b. The medium sha l l  be decanted and s t e r i l e  water added back t o  the 
mycel i a l  mat. 
c. The c u l t u r e  s h a l l  be c h i l l e d  a t  10-ls°C f o r  one hour and then 
returned t o  room temperature. 
d. The lunar sample sha l l  be incorporated i n t o  the po ta to  dextrose 
med i um. 
2. Assessment 
a. Zoospore l i b e r a t i o n  s h a l l  be observed microscop ica l l y .  
b. The e f f e c t  o f  the lunar  sample on zoospore formation, l i b e r a t i o n ,  
and swarming s h a l l  be determined by comparison w i t h  the cont ro ls .  
Sexua 1 B -  
1. Method . I 
a. E. debaryanum sha l l  be grown on pota to  dextrose agar conta in ing  
0.1% glucose instead o f  1%. 
b. The lunar sample s h a l l  be added t o  the medium. 
c. Cul tures s h a l l  be grown a t  28OC. 
d .  Microscopic observat ions sha l l  be made d a i l y  f o r  the format ion o f  
anthsr id ia ,  oogonia, and oospore formation. 
e.  A f t e r  the oospores have formed, the cu l tu res  sha l l  be c h i l l e d  f o r  
3 hours a t  10-lsOc and then returned t o  room temperature. 
2. Assessment 
Observations s h a l l  be made t o  determine i f  germ tubes have been 
formed from the oospores . 
The e f f e c t  o f  the lunar sample on the formation o f  an ther id ia ,  
oogonia, oospores, and germ tubes sha l l  be studied. The experimentals 
s h a l l  be compared t o  the cont ro ls .  
4. Reference 
F i t z p a t r i c k ,  H.M., 1930. The Lower Fungi-Phycomycetes. McGraw- 
H i l l  Book Co., New YorA. 
Middleton, J.T., 1943. The taxonomy, host range and geographical 
d i s t r i b u t i o n  o f  the genus Pythium. Torrey Bot. Club Mem. 20: 1-171. 
Miyake, K., 1901. The f e r t i l i z a t i o n  o f  Pythium debaryanum. Bot. 
15-653-667. 
DIVISION MYCOPHYTA 
CLASS ASCOMYCETES 
SUBCLASS EUASCOMYCETE S 
ORDER SPHAERIALES 
Neurospora crassa ( f  unoi)  
4 I . GROWTH PROCESSES 
A. Growth Rate 
1. Methods 
-
a. Neurospora crassa sha l l  be cu l tu red  i n  a medium conta in ing the lunar 
sample. Vogel's medium sha l l  be used.:k 
b. Cul tures sha l l  be exposed to  the lunar sample, washed,and sub-cultured. 
c. A1 1 cu l t u res  sha l l  be grown, w i  thout shaking, a t  23-25'~. Samples sha l l  
be harvested o r  measured a t  i n t e r v a l s  o f  12-24 hours. 
2. Assessment 
Growth sha l l  be assessed by the f o l  lowing methods: 
a. lncrease i n  weight o f  fungal mycel io l  pads/unit  ti,*. 
b. lncrease i n  the length o f  hyphal r u n n e r d u n i t  time using race tubes 
(Ryan, Beadleand Tatum, 1943). 
c. The e f f e c t  o f  the lunar sample on the growth r a t e  sha l l  be determined 
by comparing t rea ted  c e l l s  w i t h  the con t ro l s .  
B. Genetic Chanqe: biochemical mutants 
Genetic changes i n  microorganisms are p r i m a r i l y  re f l ec ted  i n  t h e i r  
biochemical pa t te rns .  
1 .  Methods 
a. Neurospora s h a l l  be cu l tu red  i n  a medium conta in ing the lunar sample 
* The formula f o r  t h i s  medium i s  given i n  the appendix. 
b. An es tab l  ished cu l  t u r ~  w i t h  known genetic markers such as pigmen- 
t a t i o n  o r  a n u t r i t i o n a l  requirement s h a l l  be exposed t o  suspensions 
of the lunar  sample. The pigriented adenine-less s t r a i n  sha l l  be 
used. 
c. The exposed colonies sha l l  be ~.ubcul tured.  
2. Assessment 
Subsequent generations sha l l  be observed f o r  any h e r i t a b l e  changes 
i n  these markers. For example, the loss  o f  pigmentat ion i n  the purp le 
adenine-less s t r a i n  o f  ~eurospora '  ind ica tes  mutat ions which have blocked 
the e a r l i e r  steps i n  the formation o f  pigment precursors. 
Reference 
Ryan, F. J., G.W. Beadle and E.L. Tatum, 1943. Am. J . Bot . 30: 784-799. 
D r .  Ray Barrat  
Neurospora Stock Center 
Department o f  Biology 
Dartmouth College 
Hanover, New Hampshire 
CLASS ASCOMYCETES 
SUBCLASS HEMIASCOMYCETES 
ORDER Et:DOMYCETALES 
Saccharomyces cerev i s i ae (yeast) 
I. REPRODUCTION 
A. Asexual : budding 
1. Method 
a. An establ ished c u l t u r e  o f  yeast s h a l l  be dusted o r  suspended i n  a 
so lu t i on  conta in ing the lunar sample on Sabouraudts medium a t  25'~. 
The c e l l s  sha l l  be washed and cu l  tured. 
b. Yeast c e l l s  sha l l  be cu l tu red  i n  media conta in ing the lunar sample. 
2. Assessment 
The a b i l i t y  o f  exposed c e l l s  t o  undergo c e l l  d i v i s i o n  (budding) sha l l  
Se studied. 
3. Reference 
Hashirnoto, T., S.F. Conti ,  and H.B. Naylor, 1959. Studies o f  the f i n e  
s t ruc ture  of  microorganisms. I V .  Observstions on budding Saccharomyces 
cerevis iae by l i g h t  and e lec t ron  microscopy. J r .  Bact., 77: 344-354. 
4. Source 
Stock Center f o r  Fungi, United States Department o f  Ag r i cu l t u re  
Laborato:.y,.Peoria, I l l i n o i s .  
D l V l  S ION MYCOPHYTA 
CLASS BAS l D IOMYCETES 
ORDER UREOINALES 
FAM l LY SEPTOBAS I D I ACEAE 
Ust i 1 aqo mayd i s (corn smut) 
I. GERMINATION 
A. Spores 
1. Method 
a. The spores o f  Us t i l aqo  i ~ a y d i s  sha l l  be suspended i n  a germinat ion 
so lu t i on  cons i s t i ng  o f  H20 and glucose lo-* M. 
b. The lunar  sample s h a l l  be incorporated i n t o  the medium. 
c. The spores sha l l  be incubated i n  the germinat ion medium a t  2S0C. 
2. Assessment 
The percent germination o f  the experimentals sha l l  be determined and 
compared w i t h  tha t  o f  the cont ro ls .  
3. Reference 
Kernkamp, M.F. and M.A. Pet ty ,  1941. Va r ia t i on  i n  the germinat ion o f  
chlamydospores o f  Ust i laqo *. Phytopathology 31 : 333-340. 
4. Source 
United States Department o f  Ag r i cu l t u re  Laborator ies, 
Washington State Un ive rs i t y .  
DIVISION BRYOPHYTA 
CLASS HEPATICAE 
ORDER MARC HANT l ALES 
Marchantia po l  ymorpha (I iverwort )  
I. GERMINATION 
A. Asexual 
1. Methods 
a. Gerrma cups conta in ing la rge  numbecs o f  gemmae sha l l  be excised from 
stock p lan ts  growing i n  environmental chambers. The gemmae s h a l l  be 
harvested from the gemma cups. 
b. They s h a l l  be su r face -s te r i l i zed  and r insed i n  s t e r i l i z i n g  f l u i d s .  
c. The gemmae sha l l  be p la ted  onto f i l t e r  paper over agar media i n  p e t r i  
p la tes .  
d. The lunar  sample s h a l l  be dusted on the surface o f  the gemmae. 
e. The cu l tu res  sha l l  be maintained i n  a  c o n t r o l l e d  environmental chamber. 
f. Cul tures sha l l  be maintained a t  23-2s0c w i t h  18 hour i l l u m i n a t i o n  (1,000 
f o o t  candles). 
2. ~ssessment 
a. Growth o f  the gemmae s h a l l  be observed one week a f t e r  p l a t i n g  using a  
d i ssec t i ng  microscope. 
b. The su rv i va l  r a t e  o f  exposed gemmae s h a l l  be determined a f t e r  two weeks 
of growth. 
. 
The surv iva l ,  number, and l oca t i on  o f  ap ica l  and o ther  outgrowths sha l l  
be compared w i t h  tha t  o f  the cont ro ls .  
3 .  Reference 
- 
M i l l e r ,  M.W., A.H. Sparrow and A., . Rogers, 1965. The radiosensi t i v i  t y  
o f  germae o f  Marchantia polymorpha to  acute gamma r a d i a t i o n .  The Bryologist 
4. Source 
9 
Professor Paul 0. Voth o f  Univers i ty  o f  Chicago, Chicago. 
Turtox Biol  . . : -a1 Supply House, Chicago. 
D l V l S l ON TRACHEOPHYTA 
SUBtiVl S I ON PTEROPS l DA 
CLASS F l L l C l NEAE 
ORDER FlLlCALES 
Pter id ium aqua1 inum (fern) 
I. GERKlNATl ON 
A. Spores 
1. Methods 
a. Spores s h a l l  be su r face -s te r i l i zed  i n  5% calcium hypochlor i te  f o r  2-3 
minutes i n  a cen t r i f uge  tube. 
b. The spores sha l l  be washed i n  a m i l l i p o r e  f i l t e r  apparatus by suct ioning 
and washing 3-4 times w i t h  s t e r i l e  water. 
c. The su r face -s te r i l i zed  spores sha l l  be t rans fer red t o  a known quant i ty  
o f  d i s t i l l e d  water. 
d. A spore count sha l l  be made. 
e. Spores s h a l l  then be inoculated i n  c ~ l t u r e  media conta in ing the lunar 
sample. So l i d  media i n  p e t r i  p l a t e s  o r  t e s t  tube s lan ts  sha l l  be used. 
f. A medicine dropper s h a l l  be used t o  inoculate the spores. 
g. Cultures sha l l  be maintained a t  2s0c w i t h  12 hour i l l u m i n a t i o n  (white 
1 ight) .  
h. As an a l t e r n a t e  procedure, sur face-s ter i l i zed spores sha l l  b e  dusted 
w i t h  lunar  sample f o r  varying per iods o f  t ime (2, 4, and 12 hours) 
and then inoculated i n t o  c u l t u r e  media as de ta i l ed  above. 
i. Four t o  5 days a f t e r  inoculat ion,  the spores w i l l  germinate and w i l l  
be v i s i b l e  as green patches. 
Assessment 
a. The percent germination and cond i t i on  o f  the exposed sporel ings sha l l  
be compared t o  the contro ls .  Th is  assessment sha l l  be made p e r i o d i c a l l y  
b. The nature o f  sporel ing growth sha l l  be measured by photographic 
methods. 
c. A c e l l  count i n  the sporel ings sha l l  be made. 
d. The length/width r a t i o  sha l l  a l s o  be observed. 
3. Reference 
Steeves, T. A., I. M. Sussex and C. R. Partanen,l955. I n  v i t r o  
studies on abnormal growth o f  p r o t h a l l i  o f  the bracken fe rn ,  
h e r .  J. Bot. 42: 232-245. 
4. Source 
Turtox, General B io log ica l  Supply House, Chicago. 
11.  REPRODUCTIVE STAGES 
A. Formation o f  sex orqans 
1. Methods 
Pter id ium aqualinum s h a l l  be grown i n  media conta in ing the lunar 
sample. 
2. Assessment 
a. Spore1 ings sha l l  be f i x e d  i n  acet ic-a lcohol  f o r  1-24 hour.s, washed 
i n  water 2-3 times, and stained i n  D e l a f i e l d ' s  Haemotoxylin f o r  2 
hours. 
b. They sha l l  be washed and destained i n  a watchglass conta in ing acid- 
alcohol (95% alcohol conta in ing a few drops o f  1 N H C l )  f o r  5-10 
minutes, depending on the o r i g i n a l  s ta in .  The sporel ings w i l l  appear 
s l i g h t l y  red. 
c. Sporelings sha l l  be t rans fer red t o  p e t r i  p la tes  conta in ing d i s t i l l e d  
water and a few drops o f  hydrogen peroxide f o r  5 minutes. 
d. P r o t h a l l i  sha l l  be examined microscopical ly .  They w i l l  appear white 
o r  s l i g h t l y  purple,  but the nuc le i  w i l l  be stained. I f  sex organs 
have formed, they can be observed by t h e i r  c h a r a c t e r i s t i c  appearance. 
I f  sperm have formed i n  the anther id ia ,  they w i l l  be seen as curled 
stt .uctures w i t h i n  the antheridium. 
CLASS GYMNOSPERMAE 
SUBCLASS CONIFEROPHYTAE 
ORDER CONIFERALES 
FAM l LY P l NACEAE 
Pinus p a l u s t r i s  ( long l e a f  p ine)  
-
I. GERMINATION 
a. Exposure 
(1) Pine seeds from which the seedcoats have been removed sha l l  be 
su r face -s te r i l i zed  i n  5% calcium hypoch lor i te  f o r  S minutes and 
then washed i n  d i s t i l l e d  water 2-3 times. 
(2) The sur face-s ter i  1 ized sceds sha l l  be soaked i n  an aqueous sus- 
pension o f  the lunar mater ia l  f o r  1, 2, 4 ,  8 and 12 hours. 
b. Growth 
(1) The exposed seeds sha l l  be grown i n  p e t r i  p l a t e s  w i t h  f i 1 t e r  paper 
and s t e r i l e  water, OR they sha l l  be grown i n  t e s t  tubes conta in ing 
White's n u t r i e n t  agar medium. 
(2) A f t e r  germination, seeds sha l l  be t rans fer red t o  a peat-moss soi 1 
mixture f o r  f u r t h e r  observations. 
(3) The mater ia l  shsi l be grown a t  23-25'~. 
(4) A 18 hour l i g h t  cyc le  sha l l  be maintained. 
c. Germination time 
If tk.0 seed coats have been removed, germination w i l l  take p lace 
w i t h i n  15-20 days. 
2. Assessment 
a. The percent germination o f  exposed seeds sha l l  be compared t o  the con- 
t r o l s .  
b. Growth observations sha l l  be made a t  i n te rva l s .  
3. Source 
United States Department of Ag r i cu l tu re  government labora tor ies  
and nurseries. 
I I. METABOL l SM 
A.Translocation: Water and food mater ia ls  
1. Methods 
a. 15-30 day o l d  p ine  seedlings sha l l  be used f o r  t rans locat ion  studies. 
b. The lunar sample s h a l l  be incorporated i n t o  the t rans locat ion  so lu t i on  
which s h a l l  conta in  suc sucrose and a  few drops o f  dye. 
c. Both i n t a c t  p l a n t s  and p lan ts  which have been cut  under water sha l l  
be placed i n  the t rans loca t ion  s o l u t i o n  f o r  6 and 12 hours. 
2. Assessment 
a. I n t a c t  p l a n t s  which have been placed i n  the s o l u t i o n  sha l l  be observed 
f o r  w i l t i n g .  
b. A f t e r  a  per iod  o f  time, the upper p a r t  o f  the p l a n t s  sha l l  be assayed 
f o r  r a d i o a c t i v i t y  by the fo l l ow ing  procedure: 
(1) The p l a n t s  sha l l  be pressed between two f i l t e r  papers f o r  1-2 
days a t  warm temperatures. 
(2) The pressed p lan ts  sha l l  be placed on Kodak X-ray f i l m  i n  the 
dark room and l e f t  f o r  1, 2, and 3 weeks. 
(3) At appropr iate i n te rva l s ,  the X-ray f i l m  sha l l  be developed t o  
observe i f  r a d i o a c t i v i t y  appears on the ap ica l  region o f  the p lan t .  
(4) Radioautograms o f  exposed p lan ts  sha l l  be compared w i t h  the con- 
t r o l s  t o  assess the e f f e c t  o f  the  lunar sample. 
I 
CLASS ANG l OSPERMAE 
SUBCLASS MONOCOTYLEDONAE 
ORDER LlLlALES 
FAMILY LILIACEAE 
A1 1 ium cepa (onion) 
GROWTH PROCESSES 
A. C e l l  d i v i s i o n  
1. Methods 
a. Bulbs o f  A l l i u m  cepa s h a l l  belgrown i n  a glass conta iner  w i t h  the 
bottom p o r t i o n  o f  the p l a n t  d ipp ing  i n t o  water or  a n u t r i e n t  
so lu t i on .  Any l i q u i d  t i ssue c u l t u r e  medium tha t  does not  conta in 
susar may be used. 
b. The s o l u t i o n  s h a l l  be changed every day. 
c. A f t e r  3-4 days, the roo ts  w i l l  begin t o  grow. A c t i v e l y  growing 
roo ts  and l a t e r a l  roo ts  s h a l l  be immersed i n  a beaker containing 
the lunar sample and incubated f o r  12-24 hours. 
d. The roo t  t i p s  s h a l l  be removed a t  i n t e r v a l s  o f  2, 4, '8, 12, and 24 
hours. 
e. Standard squash techniques and s ta in ing  s h a l l  be employed. Once 
the roo t  ips  are r e a d i l y  growing, the squash procedure ( a f t e r  
incubat ing i n  t e s t  so lu t ions)  does not  take more than 10 minutes. 
f .  The roo t  apices s h a l l  be f i x e d  I n  ace t i c  alcohol (95% e t h y l  alcohol 
3 pa r t s :  G lac ia l  ace t i c  ac id  1 p a r t )  f o r  1-2-24 hours. 
g. Mashed roo t  t i p s  sha l l  be hydrolyzed i n  a v i a l  conta in ing 1 N H C l  
i n  a 60°c oven. The H C l  sha l l  be poured o f f .  
h. The roo ts  sha l l  be washed and sta ined w i t h  ace t i c  o rce in  o r  Feulgen 
f o r  10-15 minutes. 
i. Sl ides sha l l  be made permanent by the normal d ry - i ce  technique. 
2. Assessment 
a. Sl ides s h a l l  be examined microscop ica l l y .  
b. Squashed c e l l  preparat ions sha l l  be examined f o r  stages o f  nuclear 
d i v i s i o n .  
c. M i t o t i c  ra te  sha l l  be analyzed,and the r a t e  o f  m i t o s i s  determined. - - 
d. The e f f e c t  o f  the lunar sample on the s i t e s  o f  continuous meristematic 
a c t i v i t y  i n  p lan ts  sha l l  be determined by compariscn w i t h  the cont ro ls .  
8.  Genetic chanqe: chromosomal aber ra t ion  
The chromosomes o f  the onion are mc pho log i ca l l y  d i s t i n c t .  The d !p lo id  
number i s  14-16. 
1. Methods 
a. Procedures sha l l  be fo l lowed as o u t l i n e d  i n  the above sec t ion  on 
c e l l  d i v i s i o n .  
b. A  h igher  concentrat ion o f  lunar sample s h a l l  be added t o  the l i q u i d  
medium i n  which the roo t  t i p s  are exposed. 
c. S l ides sha l l  be made o f  squash preparbt ions us ing acetocarmine o r  
f e ~ l g e n  s ta ins .  
2. Assessment 
I f  the 'lunar mater ia l  has mutagenic e f f e c t s ,  var ious types of 
chromosome a b ~ r r a t i o n s  w i l l  be d i sce rn ib le .  The s l iS?s  sha l l  be 
examined microscop ica l l y  f o r  the fo l low ing:  
a. Loss o f  segment o f  a  chromosome (de le t ion) .  
b. Add i t ion o f  chromosomal segment (dupl i c a t  ion) . 
c. lnterchromosomal rearrangement by exchange of  segments ( t  ranslocat ion) .  
d.  lnterchromosomal rearrancement by r o t a t  ion o f  a segment 180 desrees, 
reversing the gene order  ( invers ion) .  
e. Va r ia t i on  i n  c.hromosome number leading t o  haploidy, po lyp lo idy ,  
aneuploidy (monosomic, pol  ysomic, o r  nu1 1 i somic) . 
f .  Endopolyploidy o r  poly teny.  
g. Nature o f  m i t o t i c  spindle,and, i f  abnormal, how aftected. 
h. E f f e c t  on c e n t r i o l e .  
i. Nature o f  sp indle movement t o  the poles. 
j. These sha l l  be compared w i t h  6 -m i  t o s i s  produced by co l ch i c ine .  
References 
Jensen, W.A., 1962. Botanical h is tochemist ry .  W.H. Freeman & Co. 
pp. 95-98. 
DeRobertis, E.D.P., b.W. Nowinski, and F.A. Saez, 1965. ( - 1 1  Biology. 
W.B. Saunders Co., pp. 253-271. 
Source 
-- 
United States Department o f  Agr icu l  ture.  
CLASS AKGIOSPERMAE 
SUBCLASS MONOCOTYLEDONAE 
ORDER GRAM l NALE S 
FAM l LY GRAM l NAE 
Zea mays (corn) 
I. GERMINATI.ON 
A. Seeds 
1 .  Methods 
a. Exposure 
(1) Sur face-ster i  1 ized seeds s h a l l  be dus te i  w i t h  lunar mater ia l .  
(2) Surface-ster i 1 ized seeds s h a l l  be soaked i n  an aqueous suspension 
of  lunar mater ia l .  
b. Growth 
( 1 )  The exposed seeds s h a l l  be germinated i n  moist f i l t e r  paper. 
(2) The seeds s h a l l  be grown i n  f i  1 t e r  paper o r  polyethylene beads 
i n  p e t r i  dishes and s t e r i l e  water. 
(3) A 12-hour 1 i g h t  cyc le  s h a l l  be maintained. 
(4) Germination t ime sha l l  be 4-5 days. 
2. Assessment 
a. , lnalysis sha l l  be mad.:! o f  the percent germinat ion compared w i t h  t k ~ '  
cont ro ls .  
b. The cond i t ion  o f  the  seedlings sha l l  be observed. 
3. S o u r c ~  
United States Department o f  t .3 r icu l tu re .  
I I .  GRCWTH PROCESSES 
Genetic Change--Biochemical Mutants 
1. Methods 
a. Normal and v a r i e t y  dwarf d-1 seeds o f  -- Zea mays s h a l l  be soaked 
f o r  !2-24 hours i n  water conta in ing  the lunar sample. 
b. The seeds s h a l l  be p lanted i n  polyetyy lene f l a t s  and grown i n  
a growth chamber f o r  7-10 days. 
0 
c. The temperature s h a l l  be 25 C. 
d. A 16-hour photoperiod s h a l l  be maintained. 
e. A t  the end o f  the 7-10 day period, one-half o f  the dwarfs and 
one-half o f  the  normal seedl ings s h a l l  be t rea ted  w i t h  one drop 
o f  g i b b e r e l l  i n  s o l u t i o n  (1,000 ppm i n  ethanol).  
2. Assessment 
a. The morphological c h a r a c t e r i s t i c s  s h a l l  be observed. 
b. Measurements s h a l l  be made o f  the  he igh t  o f  the p lan t .  
3. Reference 
Lockhart, J.A., 1962. L igh t  and hormones ;n p l a n t  development. 
A l B S  Pub l i ca t i on  o f  Symp. on Teaching Developmental Botany, p. 26. 
4. Source 
Asgrowseed Co., New Haven 2, Connecticut. 
I 
United States Department o f  Ag r i cu l t u re .  
C 'ASS ANG l OS PERMAE 
SUBCLASS MONOCOTY LEDONAE 
ORDER GRAM l NALES 
FAMILY GRAMINAE 
Tr i t icum vulgare (wheat) 
GERM l NAT l ON 
1. Methods 
The exposure and germination o f  wheat sha l l  fo l low the procedures as 
described f o r  Zea mays. 
2. Assessment 
The percent germination and condi t ion o f  the germinated seedling sha l l  
be determined. This sha l l  be compared w i th  that  o f  the controls. 
3. Source 
United States Department o f  Agr icu l ture  
CLASS ANGIOSPERMAE 
SUBCLASS MONOCOTYLEDONAE 
ORDER GRAMINALES 
FAMILY GRAM1 NAE 
Oryza sa t i va  ( r i ce )  
GERMINATION 
Seeds 
-
1. Methods 
The exposure and germinat ion o f  r i c e  s h a l l  f o l l o w  the procedure as 
described f o r  Zea mays. 
2. Assessment 
The percent germinat ion and cond i t i on  of germinated seedl ing s h a l l  be 
determined. This sha l l  be conpared w i t h  tha t  o f  the con t ro l s .  
3. Source 
United States Department o f  Ag r i cu l t u re .  
CLASS ANGIOSPERMAE 
SUBCLASS MONOCOTYLEDONAE 
ORDER GRAMINALES 
FAMILY GRAMINAE 
Avena s a t i v a  (var.  v i c t o r y  oats) 
7 
GROWTH AND DEVELOPMENT 
A. Ce l l  e lonqat ion and d i f f e r e n t i a t i o n  
The c o l e o p t i l e  region o f  young seedl ingsis  very sens i t i v2  t o  ex terna l  
f ac to rs  which a f f e c t  c e l l  e longat ion.  
1. Methods 
a. Husked oats  ( v i c t o r y  v a r i e t y )  s h a l l  be placed i n  water. Husking 
reduces the germinat ion time. 
b. Seeds sha l l  be s o a ~ e d  i n  water f o r  2  hours and the soak-water 
d  i scarded. 
c .  The seeds s h a l l  be placed w i t h  t h e i r  embryo s ide p r o j e c t i n g  s l i g h t l y  
over the edge o f  g lass p l a t e s  covered w i t h  wet f i l t e r  paper. A l t e r -  
na te ly ,  the seeds sha l l  be p lanted i n  a  p l a s t i c  conta iner  ho ld ing  
wet polyethylene beads. 
d. The conta iners w i t h  the seeds s h a l l  be placed i n  a  dark germinat ion 
chamber a t  l 5OC.  The seeds sha l l  be kept moist.  
e. One day a f t e r  p lan t i ng ,  the seeds sha l l  be exposed t o  two hours o f  
red 1 i g h t  t o  i n h i b i t  e longat ion o f  the f i r s t  internode. 
f .  Three days a f t e r  p l a n t i n g  the c o l e o p t i l e s  should be 20-30 m n  long, 
and one 10 mm sect ion shd l l  be cu t .  The ap ica l  4 mm o f  the c o l e o p t i l e  
s h a l l  be discarded. Preferably  on ly  2  sect ions s h a l l  be taken from 
one c o l e o p t i l e .  The primary l ea f  o f  the p l a n t  coming through the 
c o l e o p t i l e  sha l l  be removed. 
The sect ions s h a l l  be placed d i r e c t l y  i n t o  p e t r i  dishes con- 
t a i n i n g  the lunar sample i n  a 10 m l  s o l u t i o n  o f  2% sucrose so lu t ion ,  
pH 5.5. Varying concentrat ions o f  the lunar  sample s h a l l  be used. 
The sect ions sha l l  be irrmersed a t  a l l  times. 
2. Assessment 
a. A f t e r  exposure t o  the lunar  sample the sect ions s h a l l  be measured 
f o r  c e l l  e longat ion a t  6-hour' i n te rva l s .  
b.  Photographic methods sha l l  be used t o  record the degree o f  elongat ion. 
c. The growth r a t e  s h a l l  be determined and compared t o  the cont ro ls .  
B. E f f e c t  o f  p l a n t  auxins 
1. Methods 
Variou auxins s h a l l  be included i n  some o f  the p la tes  conta in ing 
the lunar  sample used i n  the c e l l  e longat ion s tud ies  above. TIE f o l -  
lowi:.g auxins sha l l  be used a t  concentrat ions ranging from 1 x 
t o  1 x M: 
. a. IAA = lndoleacet ic  ac id.  
b. NAA = &naphthalene ace t i c  acid. 
c .  2 ,  4-D = 2, 4-dichlorophenoxyacetic acid. 
d. GA .= G i b b e r e l l i c  ac id  
e. Kin. = K i n e t i n  
2. Assessment 
a. The sect ions sha l l  be measured a f t e r  48 hours o f  exposure t o  the 
lunar sample and auxins. 
b.  The e f fec t  of auxin on the c o l e o p t i l e s  exposed t o  the lunar  sample 
s h a l l  be determined. 
c. Ce l l  e longat ion i n  the presence o f  auxin sha l l  be observed by 
microscopic examination and photographic methods. 
d. The sect ions s h a l l  be measured a t  i n t c r v a l s  and the growth r a t e  
determined. 
Data s h a l l  be reported as percent o f  con t ro l  o r  increase i n  
elongat ion. 
Reference 
Leopold, A.C., 1960. Auxins and p l a n t  growth. Un ive rs i t y  o f  C a l i f o r n i a  
Press, Los ' ~ n ~ e l e s .  
Source 
United States Department o f  Ag r i cu l t u re .  
CLASS ANG IOSPERMAE 
SUBCLASS DICOTYLEDONAE 
ORDER CHENOPOD 1 ACEAE 
Sp i nacea 01 eracea (spinach) 
GERMINATION 
Seeds 
-
1. Methods 
a. Surface s t e r i l i z e d  seeds sha l l  be dusted o r  soaked i n  an aqueo'us sus- 
pension o f  lunar  ma te r i a l .  
b. The seeds sha l l  be germinated and grown on f i l t e r  paper o r  i n  p e t r i  
dishes conta in ing polyethylene beads i n  d i s t i l l e d  water. 
c .  The temperature sha l l  be 23-25'~. 
d. A 12 h r  l i g h t  cyc le  sha l l  be used. 
, 
2. Assessment 
a. The percent germinat ion s h a l l  be determined and compared t o  the cont ro ls .  
b. The cond i t i on  o f  the germinated seeds s h a l i  be observed. 
3. Source 
United States Department o f  Ag r i cu l t u re .  
CLASS ANGIOSPERMAE 
SUBCLASS D l COTYLEDONAE 
ORDER ROSALE S 
FAMILY LEGUMINACEAE 
Phase01 us vulqar  i s (bean) 
I. GERMINATION 
Seeds 
-
1. Methods 
a. Sur face-s ter i l i zed  seeds sha l l  be dusted o r  sozked i n  an aqueous sus- 
pension o f  lunar ma te r i a l .  
b. The seeds sha l l  then be germinated and grown on f i l t e r  paper o r  i n  p e t r i  
p la tes  conta in ing polyethylene bead i n  d i s t i l l e d  water. 
e .  The temperature s h a l l  be 23-25O~. 
d. ,9 12-hour l i g h t  cyc le  sha l l  be used. 
e. Germination time sha l l  be 5-8 days. 
2. Assessment 
a. The percent germination sha l l  be determined and compared t o  the con t ro l s .  
b. The cond i t ion  o f  the germinated seeds sha l l  be observed. 
I I .  GROWTH AND DEVELOPMENT 
P 
A. Normal i n t a c t  p l a n t  (whole p lan t )  
Seedlings from su r face -s te r i l i zed  seeds tha t  have grown i n  a gnotob io t ic  
environment s h a l l  be used. 
1 . Maintenance 
a. Growth chambers sha l l  be used and a gnotob io t ic  environfient sha l l  
be maintained. 
b. Plants sha l l  be grown i n  i nd i v idua l  p l a s t i c  po ts  (3" x  2" x 4") 
t ha t  have h > l e s  a t  the bottom. Polyethylene beads a r e  recom- 
mended as a roo t  support. A whi te quar tz  sand-pear l i te  medium 
o r  ve rm icu l i t e  may a l so  be used. 
c. Plants sha l l  be watered w i t h  Hoagland's so lu t i on .  
d. A temperature of ? 25 '~  sha l l  be maintained. The chamber must 
have an adequate a i r - cond i t i on ing  system t o  handle the h e a t .  
produced by the l i g h t i n g  system. 
e. A 18 LD photoperiod sha l l  be used. There sha l l  be between 
1100-2100 foot-candles o f  l i g h t  a t  p l a n t  l eve l  ins ide  o f  the 
growth chamber. This  s h a l l  be provided by the h igh  i n t e n s i t y  
f luorescent  tubes and 110 wat t  incandescent bulbs i n  a 3 : l  
r a t i o .  
f .  50% humidity s h a l l  be maintained. 
2. Exposure 
The growing po in ts ,  leaves, stems, and rco ts  s h a l l  be exposed 
t o  the lunar sample. 
a. An aqueous so lu t i on  of the lunar sample sha l l  be appl ied t o  
p lan ts  by us ing a medicine dropper. 
b. The lunar sample i n  powder form sha l l  be appl ied t o  p lan ts  i n  
a s e t t l i n g  chamber. 
c. P lants sh;tll be grown i n  Hoagland's n u t r i e n t  s o l u t i o n  conta in ing 
the lunar sample ( roo t  drenching method). 
3 .  Assessment 
a. Gross observat ions s h a l l  be made o f  a l l  t rea ted  systems. Height, 
color, rootrand top appearance shall be observed. 
b. Observations shall be made for the following morphological changes: 
(1) Epinasty (wilting) 
(2) Necrotic spots 
(3 )  Chlorot ic leaves 
(4) Abnormal swell ings (root swell ings or tumorous growth) 
c. The following data shall be obtained: 
(1 )  Amount of roots 
(2) Dry weight of seed1 ing 
d. Sections shall be made, stained and observed microscopically. The 
roots and vascular system shall be examined in detail. 
Cytological stains: 
(1) Safranin - Fast green double stain. 
(2) Pholoroglucinol-HC1 
Normal intact plant (half leaf) 
This test shall be used to determine local toxicity. It allows a 
comparison of the treated and the blank on the same leaf. It also allows 
a comparison with a non-treated leaf. 
i .  tlethods 
-- 
a. A plant qot 3reviously exposed to the lunar sample shall be used 
for the rests. 
b. Two paired leaves shall be selected. 
c. One half of one leaf shall be treated with 2 solution containing 
the lunar sample. 
d. The other half of this leaf shall be treated with a blank solution 
i only. 
e- :. :- -. . . - . - 's-  .---- -. - - %U..... - .- .IC * .. .. ._ r *r YC- 
~ - ~ f l s e c o n d  leaforthe pair shall remain untreated and shall act a: 
a con t ro l .  
2. Assessment 
Observations sha l l  be made f o r  any abncjrmalit:cs, wi.l:ing, nec ro t i c  
o r  c h l o r o t i c  spots. 
C. Stressed p lan ts  
Plants tha t  are stressed may be more suscept ib le t o  a t o x i c  agent con- 
tained i n  the lunar sample. 
1. Methods used t o  s t ress  p lan ts  
a. Wound i ng 
The lunar sample s h a l l  be appl ied t o  the p l a n t  dur ing  o r  im-  
mediately a f t e r  wounding. 
(1) The leaves ;?all be rubbed t o  cause an abras ic r  The lunar 
sample sha l l  serve as an abrasive. 
(2) The leaves sha l l  be brushed w i t h  co t ton  swats o r  a s t i f f  brush 
causing the trichomes t o  break. The sample sha l l  be appl'ed 
to the i n ju red  surface. 
b. Change i n  the physical  envi ronment (temperature extremes) 
( 1 )  Plants sha! 1 be exposed to  the lunar sample by the roo t  drench 
method. 
(2) One h a l f  OF the p lan ts  sha l l  be laid a t  4 ' ~  arid the othel. h a l f  
(3 )  Plants prev ious ly  exposed by the r o c t  d r e x h  method and held a t  
normal temperatures sha l l  serve as addi t iu* , ia l  conkro! s. 
2. Assessment 
a. Gross observat ions sna l l  be made o f  the fo l l ow ing :  heinht ,  co lo r ,  
roo t  and top appearanie. 
*- - - -. ..L.* . -  .- % .  -.---..-- .. + *.lrr-. r . r - c . . .  - 
t 
b. Any morphological changes o r  abnormalit ies sha l l  be noted. 
c. The dry weight o f  the seedling sha l l  be obtained. 
d.  The stressed exposed p lants  sha l l  be compared w i t h  the controls.  
I l l .  REPRODUCTION 
A. Sexual 
A va r ie ty  o f  bean w i th  a 15-20 day cycle sha l l  be used. 
1. Method 
a. The lunar sample sha l l  be applied t o  p lants  i n  the reproductive 
stage by the dust o r  drenching method. 
b. The seeds sha l l  be harvested and a i r  dr ied f o r  10-15 minutes. 
c. Seed v i a b i l i t y  sha l l  be tested by germination on moistened f i l t e r  
paper. 
d. The seeds sha l l  be planted using methods previously described. 
2. Assessment 
The percent germination and  he condi t ion o f  the seedlings sha l l  
be determined. This sha l l  be compared w i t h  the controls. 
The condi t ion o f  the new p lants  sha l l  be noted f o r  any abnormalit ies. 
I V .  METASOLISM 
Biochemical studies sha l l  be made on p lants  that  have been exposed t o  the 
lunar sample. 
A. Protein metabolism 
1. Methods* 
a. Specimens f o r  these studies sha l l  be obtained from the p lants  pre- 
v iously exposed i n  the experiments deal ing w i t h  growth and development 
o f  the in tac t  p lant .  
* The methods previously described f o r  Escherichia c o l i  (or  ~ h l o r e l l a )  sha l l  be 
f o l  lowed. 
b. Pro te in  synthesis s h a l l  be studied. 
c. ~ e u c i n e - t l ~  sha l l  be used t o  determine the r a t e  o f  incorporat ion 
o f  amino acids i n t o  prote ins.  
d .  More de ta i l ed  studies can be made on a c e l l - f r e e  system f o r  p r o t e i n  
synthesis. 
2. Assessment 
a. The e f f e c t  o f  the lunar sample on t o t a l  p r o t e i n  synthesis sha l l  be 
determined. 
b. The s c i n t i l l a t i o n  spectrometer sha l l  be used t o  determine the radio-  
a c t i v i t y  o f  the iso la ted p r o t e i n  f rac t ion .  
3. Reference 
Hol ley.  Pro te in  Metabolism i n  Plant  Biochemistry by Bonner and Varner. 
Academic Press, N.Y. 
B. Nucleic ac id  metabolism 
1. Methods* 
Plants previously exposed t o  the lunar sample by the roo t  drenching 
method sha l l  be used. 
14 Labeled adenine (C ) sha l l  be used t o  study nuc le ic  ac id  synthesis. 
2. Assessment 
The e f f e c t  o f  the lunar sample on nuc le ic  ac id  metabolism sha l l  be 
determined. 
3. Reference 
Chargaff and Davidson. The k c l e i c  k i d s .  Academic Press. 
C.  L i p i d  metabolism 
1. Methods* 
a. Labeled acetate s h a l l  be appl ied t o  bean p l a n t s  prev ious ly  exposed 
* The methods previously described f o r L .  c o l i  (o r  Ch lore l la )  s h a l l  be followed. 
t o  the lunar sample. 
b. L i p i d s  s h a l l  be ex t rac ted  from the p lan ts  by organic solvents. 
c. The l i p i d  f r a c t i o n s  sha l l  be assayed by th in - l aye r  chromatography 
and gas chromatography. 
d. The r a d i o a c t i v i t y  s h a l l  be determined by the fo l low ing methods: 
( 1 ) Rad ioau tography 
(2) S c i n t i  1 l a t i o n  spectrometer w i t h  a f l ow  c e l l .  
Assessment 
The e f f e c t  o f  the lunar  sample on l i p i d  metabolism s h a l l  be 
determined. 
3. Reference 
Stumpf. L i p i d  Metabolism. Ann. Rev. Biochem. 29: 261. 
D. Carbohydrate metabol ism 
1. Methods* 
14 P lan ts  exposed t o  the lunar  sample s h a l l  be incubated w i t h  C - 
g 1 ucose . 
2. Assessment 
The e f f e c t  o f  the lunar sample OK ihe breakdown o f  carbohydrate s h a l l  
be assessed. 
a. The amount o f  c : ~ o ~  1 iberated s h a l l  be measured. 
b. Rad ioac t i v i t y  s h a l l  be determined i n  a s c i n t i l l a t i o n  counter. 
3. Reference 
Calv in,  M. and J. Bassham, 1962. The photosynthesis o f  carbon 
compounds. W.A. Benjamin, Inc.,  New York. 
- - - - - 
* The methods prev ious ly  described f o r  L. co l  i (or  Chlore l  l a )  st:al l  be fol lowed. 
E. Translocat ion: Water and food ma te r ia l s  
1. Methods 
a. 15-30 days o l d  bean seedl ings sha l l  be used i n  the  t rans loca t i on  
studies. 
b. The lunar sample s h a l l  be incorporated i n t o  the t rans loca t i on  so lu t i on .  ' 
c. The s o l u t i o n  s h a l l  conta in  c14 sucrose and a  few drops o f  dye. 
d. B o t h  i n t a c t  p l a n t s  and p l a n t s  which have been c u t  under water s h a l l  
be placed i n  the t rans loca t i on  s o l u t i o n  f o r  6 and 12 hours. 
e. A f t e r  24 hours, the upper p a r t  o f  the p l a n t  s h a l l  be severed from 
the roo t  sect ion. 
f. The p l a n t  s h a l l  be pressed between two f i l t e r  papers f o r  1-2 days a t  
warm temperatures. 
g. The pressed p l a n t  s h a l l  be placed on Kodak X-ray f i l m  i n  a  dark room 
and l e f t  f o r  1, 2, and 3 weeks. 
2. Assessment 
a. I n t a c t  p lan ts  placed i n  the t rans loca t i on  s o l u t i o n  s h a l l  be observed 
f o r  w i l t i n g .  
' b. The X-ray f i l m  o f  the pressed p l a n t  sha l l  be developed a t  i n t e r v a l s  
t o  observe i f  r a d i o a c t i v i t y  appears on the ap ica l  region o f  the p l a n t .  
c. Radioautograms sha l l  be compared w i t h  c o n t r o l s  t o  determine the e f f e c t  
o f  the lunar sample on t rans locat ion .  
F. Respi rat ion 
1. Methods 
a. Exposed seedlings from the germinat ion experiment sha l l  be used. 
b. Bean seedlings tha t  have been exposed by tk roo t  feeding method 
s h a l l  be used. 
c.  Leaf d iscs  s h a l l  be c u t  from the leaves o f  the seedlings. 
2. Assessment 
The e f f e c t  o f  the lunar sample on the r e s p i r a t i o n  r a t e  o f  the lea, 
d iscs  sha l l  be determined. 
a. The oxygen e lec t rode o r  the Warburg respirometer s h a l l  be used i n  
the l e a f  d i sc  s tud ies  t o  measure resp i ra t i on .  
14 b. C O2 incorpora t ion  s h a l l  be measured (see sec t ion  on Chlorel  l a  
f o r  procedures). 
G. Cut t inqs  
The l e a f  and stem techniques are shor t  term experiments. Cut t ings  s h a l l  
be used t o  determine any poss ib le  t o x i c  e f f e c t  o f  the lunar  sample on p l a n t  
t issue.  
The lunar  sample may en te r  the p l a n t  through the vascular system. 
Met hods 1. -- 
a. Leaves o r  l e a f  d i scs  
(1) Single leaves o r  d i scs  c u t  from leaves s h a l l  be f l o a t e d  on an 
aqueouy s o l u t i o n  o f  the lunar sample. 
(2) A f i 1 t r a t e  sha l l  be made by adding the lunar sample t o  a water- 
alcohol mixture.  The alcohol s h a l l  be evaporated off ,and the 
s o l u t i o n  f i l t e r e d .  
(3)  The leaves o r  d iscs  s h a l l  be exposed t o  t h i s  f i 1 t r a t e  f o r  one- 
h a l f  hour t o  2 hours maximum. 
b. Stem c u t t i n g s  
Stem c u t t i n g s  s h a l l  be made t o  assure the penet ra t ion  o f  the 
lunar sample i n t o  the vascular system. 
(1 )  The p l a n t s  sha l l  be cu t  a t  the stem (near ground l eve l )  
under water . 
(2) The cu t  p l a n t  sha l l  be placed i n  a t e s t  tube conta in ing an 
aqueous so lu t i on  o f  the lunar sample. 
(3)  The s o l u t i o n  s h a l l  be made w i t h  a water-alcohol mix tu re  o f  
the lunar sample. 
(4) The c u t t i n g  s h a l l  remain i n  the s o l u t i o n  f o r  2-12 hours. 
(5) These p l a n t  c u t t i n g s  s h a l l  be placed i n  the normal growth 
chamber. 
Assessment 
a. Gross observat ions s h a l l  be made o f  any nec ro t i c  and c h l o r o t i c  
changes. 
14 b. C 0 i ncorpora t ion  sha l l  be measured (see the sec t ion  on Ch lo re l l a  2 
f o r  procedures). 
c. The oxygen e lec t rode o r  Warburg respirometer sha l l  be used i n  the 
l e a f  d i s c  s tudies t o  measure resp i ra t i on .  
d. Enzyme assays s h a l l  be performed using gel e lect rophoresis .  Assay 
methods are described i n  the Appendix. 
(1) Peroxidase 
(2) Acid phospha tase 
(3) Ma1 i c dehydrogenase 
CLASS ANG l OSPERMAE 
SUBCLASS DICOTYLEDONAE 
ORDER ROSALES 
FAM l LY LEGUM l NACEAE 
V i c  i a .  faba (broad bean) 
--
I. GROWTH PROCESSES 
A. C e l l  d i v i s i o n  
1. Methods 
a. Broad bean seeds sha l l  be germinated a t  23-2S°C on c e l  l u lose  paper 
pads o r  polyethylene beads. 
b. A 12-hour l i g h t  cyc le  sha l l  be maintained 
c. The germination time s h a l l  be 4-14 days. 
d. Water o r  a n u t r i e n t  s o l u t i o n  sha l l  be used. Any o f  the l i q u i d  t i ssue 
c u l t u r e  media tha t  does not  conta in sugar may be used. 
e. La te ra l  roo ts  w i l l  appear 5-6 days a f t e r  germination. 
f .  Ac t i ve l y  growing roo ts  and l a t e r a l  roo ts  s h a l l  be immersed i n  a 
beaker conta in ing the lunar sample and incubated f o r  12-24 hours. 
g. The roo t  t i p s  sha l l  be removed a t  i n t e r v a l s  o f  2, 4, 8, 12,and 24 
hours. Standard squasi, techniques and s ta in ing  sha l l  be employed. 
Once the roo t  t i p s  are r e a d i l y  growing, the squash procedure ( a f t e r  
incubat ing i n  t e s t  so lu t ions)  does not  take more than 10 minules. 
h. The roo t  apices o r  shoot apices s h a l l  be f i x e d  i n  acet ic  alcohol 
(95% e t h y l  alcohol 3 p a r t s  : g l a c i a l  ace t i c  ac id  1 p a r t )  f o r  1-2-24 
hours. 
i. Washsd root  t i p s  sha l l  be hydrolyzed i n  a v i a l  conta in ing  1 N HCl 
i n  a 60°c oven. The HCl sha l l  be poured o f f .  
j. The roots shall be washed and stained with acetic orcein or Feulgen 
for 10-15 minutes. 
k. Slides shall be made permanent by the normal dry-ice technique. 
2. Assessment 
a. The effect of the lunar sample on the sites of continuous meristematic -+ 
activity in plants shall be determined by comparison of the experi- 
mental~ and controls. 
b. Squashed cell preparations shall be examined microscopically for 
stages of nuclesr division. 
c. Mitotic rate shall be analyzeaand the rate of mitosis determined. 
B.  Genetic change: chromosomal aberrations 
The cells of the broad bean have low chromosome numbers and morphologic- 
ally distinct, visible and big chromosomes. 
The diploid chromosome complement of Yicia faba consists of 5 pairs of 
acrocentric (S) chromosomes and one pair of metacentric (M) chromosomes. 
The ratio of the total metaphase lengths of these chromosomes is M:S - 1 :2.16. 
1. Methods 
.a. Procedures shall be followed as outlined in the section on cell 
division. 
b. A higher concentration of lunar sample shall be added to the liquid 
medium in which the root tips will be exposed. 
c. Slides shall be made of squash preparations using aceto-carmine or 
Feulgen stains. 
2. Assessiilen t 
Various types of chromosomal aberrations will be discernible if the 
lunar mater ia l  has a mutagenic e f f e c t  on the broad bean. 
The s l i des  sha l l  be examined microscop ica l l y  f o r  the fo l low ing:  
a. Loss o f  segment of a chromosome (de le t ion) .  
b. Add i t ion  o f  chromosomal segment (dupl i ca t  ion).  
c. lnterchromosomal rearrangement by exchange o f  segments ( t rans locat  ion) .  
d. lnterchromosomal rearrangement by r o t a t i o n  o f  a segment 180 degrees, 
reversing the gene order  ( invers ion) .  
e. Va r ia t i on  i n  chromosome number leading t o  haploidy, po lyp lo idy ,  
aneuploidy (monosomic, polysomic, o r  nu1 1 i somic). 
f. Endopolyploidy o r  polyteny. 
g. Nature o f  m i t o t i c  sp indle and, i f  abnormal, how af fected.  
h. E f f e c t  on c e n t r i o l e  
i. Nature o f  sp indle movement t o  the poles. 
j. These sha l l  be compared w i t h  C-mitosis produced by co lch ic ine .  
3. References 
Jensen, W.A., 1962. Botanical Hi stochemi s t r y .  W.H. Freeman & Co 
pp. 95-98. 
De Robert is,  E.D.P., W.W. Nowinski, and F.A. Saez, 1965. Ce l l  
Biology. W.B. Saunders & Co., pp. 253-271. 
4. Source 
United States Department o f  Ag r i cu l t u re .  
CLASS PNGIOSPERMAE 
SUBCLASS D l  COTYLEDONAE 
ORDER RO SALE S 
FAMILY LEGUMINACEAE 
P i  sum sat i vum (A1 aska pea) 
-
I. GERMINATION 
Seeds A* -
1. Methods 
Pisum sativum seeds sha l l  be germinated a t  20 '~  on ce l l u lose  paper a *  -
ppds o r  polyethylene beads i n  p e t r i  dishes conta in ing s t e r i l e  water 
and lunar sample. 
b. A 12-hour l i g h t  cyc le  sha l l  be maintained. 
c. The germinat ion time s h a l l  be 4-6 days. 
2. Assessment 
a. The percent germinat ion sha l l  be determined and compaa-ed w i t h  the 
cont ro ls .  
. The cond i t i on  o f  the seedl ing s h a l l  a lso be observed. 
1 1 .  METABOLISM 
A. Nitroqen f i x a t i o n  
1. Methods 
a. Surface s t e r i l i z e d  seeds s h a l l  be soaked i n  a so lu t i on  o f  the lunar  
sample f o r  2, 12, and 24 hours. The seeds sha l l  be germinated i n  
the fo l l ow ing  media: 
(1)  S te r i  l e  ve rm icu l i t e  
(2) S te r i  1 ized ve rm icu l i t e  t ha t  has been inoculated w i t h  Rhizobium. 
b. 5-10 day o l d  germinated seedl i ngs sha l l  be exposed t o  the lunar 
sample by the roo t  drenching method f o r  2-4 hours. Exposed seed1 ings 
she l l  be planted i n  the fo l l ow ing  media: 
(1) S t e r i l e  vermicul i t e  
(2) Ster i 1 ized vermicul i t e  tha t  has been inoculated wi t h  Rhizobium. Y 
2. Assessment 
a. The growth o f  the p lan t  sha l l  be determined a f t e r  10 days. 
b. Roots sha l l  be examined f o r  nodulat ion i n  the roo t  system. 
c. Sections o f  the nodules s h a l l  be studied microscopical ly  f o r  the 
s t ruc ture  and nature o f  nodulat ion. 
3. Reference 
Stewart, W.D.P., 1966. Nitrogen f i x a t i o n  i n  p lan ts .  The Athlone 
Press, Un ivers i ty  o f  London. 
4. Source 
U. S. Department o f  Ag r i cu l tu re  Seed Laboratories. 
ATCC f o r  Rhizobium lequminosar!.im. 
CLASC AVG I 0  SPERMAE 
SUBCLASS DICOTYLEDONAE 
ORDER UMBE'LLALES 
FAMILY UMBELLIFERAE 
Daucus ca ro ta  (car ro t )  
I. GROWTH PROCESSES 
A. D i f f e r e n t i a t i o n  
Tissue l eve l  (format ion  o f  c a r r o t  t i ssue c u l t u r e  c e l l  s) . 
1. Methods 
a. The experiment s h a l l  be performed under s t e r i l e  condi t ions.  
b. The outs ide  o f  the c a r r o t s  s h a l l  be swabbed w i t h  a lcohol .  
c. I nc i s ions  s h a l l  be made w i t h  6 s t e r i l e  k n i f e  and a c y l i n d r i c a l  
p iece  o f  the c a r r o t  s h a l l  be obtained. 
d. A 0.05 cm diameter segment sha l l  be cu t  us ing a s t e r i l e  cork  borer.  
e. Th is  long p iece sha l l  be placed i n  a p e t r i  { la te  and cu t  i n t o  one 
cm segments. 
f. The c a r r o t  segments s h a l l  be t rans fer red  t o  White's n u t r i e n t  media 
conta in ing  the lunar sample. 
f. Pro1 i f e r a t i o n  s h a l l  be detected w i t h i n  2-3 weeks. 
Assessment 
a. The exposed p r o l i f e r a t e d  t i ssue s h a l l  be analyzed f o r  growth and 
compared w i  t h  the con t ro l  s. 
b. The fo l l ow ing  data s h a l l  be obtained: 
( 1 )  The wet weight o f  the t i ssue.  
(2) The d ry  weight o f  the t issue.  The t i ssue s h a l l  be d r i e d  i n  an 
oven a t  60°c. 
c .  Populat ion o f  c e l l d u n i t  volume o r  / u n i t  weight s h a l l  be determined. 
d. The m i t o t i c  index sha l l  be obtained. 
e. The amount o f  DNA synthesis sha l l  be assessed. 
0. Ce l l  c u l t u r e  
1. Methods 
a. Tissue cu l tu res  which have been establ ished and are a c t i v e l y  growing 
s h a l l  be t rans fer red t o  a l i q u i d  medium and placed on mechanical 
shakers. 
b. The c e l l s  and c e l l  aggregates s h a l l  be dispersed and a c e l l  
suspension obtained. 
c. The c e l l s  sha l l  be separated from the 1 i q u i d  by appropriate f i 1 t r a t i o n  
procedures and used f o r  d i f f e r e n t i a t i o n  studies. 
d. The c e l l  suspension s h a l l  be p la ted  on agar ? la tes .  This normally 
r e s u l t s  i n  clone formation. 
2. Assessment 
a. The wet weight and the dry  weight o f  the pro1 i f e r a t e d  t i ssue s h a l l  
be determined. 
' b .  Populat ion o f  c e l l d u n i t  volume o r  / u n i t  weight s h a l l  be determined. 
c. The e f f e c t  o f  the lunar sample on s p e c i f i c  organ d i f f e r e n t i a t i o n  
sha l l  be ana 1 yzed . 
d. The a b i l i t y  o f  exposed c e l l  suspensions t o  undergo clone format ion 
s h a l l  be determined. 
3. Reference 
Steward, F.C., 1963. The cont ro l  of growth i n  p l a n t  c e l l s .  S c i e n t i f i c  
American, 209: 104-113. 
United States Department o f  Agriculture. 
Tissue cul ture 1 i nes: 
Phi 1 lp White 
The Roscoe B. Jackson Memorial Laboratory 
Bar Harbor, Hai ne 04609 
CLASb AIJG I 0  SPERMAE 
SUBCLASS D l  COTYLEDONAE 
ORDER TUB l FLORALE S 
FAH l LY SOLANACEAE 
Lycopers i con escul en tum (tomato) 
I. GERMINATION ' 
Seeds A. -
1. Methods 
a. Surface s t e r i  1 ized seeds s h a l l  be dusted o r  soaked i n  an aqueous 
s o l u t i o n  o f  the lunar ma te r i a l .  
b. The seeds s h a l l  then be germinated and grown on f i l t e r  paper o r  i n  
p e t r i  dishes conta in ing  polyethy lene beads i n  d i s t i l l e d  water. 
c. The temperature s h a l l  be between 23-25'~. 
d. A 12-hour l i g h t  cyc le  s h a l l  be used. 
2. Assessment 
a. The percent germinat ion s h a l l  be determined and compared t o  the 
cont ro ls .  
' b. The cond i t i on  o f  the germinated seedl ings s h a l l  a lso  be determined. 
I I . GROWTH PROCESSES 
A. Orqan !eve1 ( roo t  cu l t u re )  
1. Methods 
a. Commercially ava i l ab le  seeds sha l l  be surface s t e r i l i z e d  i n  com- 
merc ia l  Clorox (15%) and washed i n  d i s t i l l e d  water. 
b. A l t e r n a t i v e l y ,  seeds can be obtained from a f u l l  r i p e  tomato. 
(1) The outs ide  s h a l l  be swabbed w i t h  a lcohol .  
(2) A s t e r i l e  kn i fe  sha l l  be used t o  remove the outer  sk in  and make 
inc i s ions  exposing the seeds. 
(3)  The seeds, which are s t e r i  l e  under these c i  rcumstances, sha l l  be 
removed and placed i n  p e t r i  p la tes .  
(4) The j e l l y - l i k e  covering of the seeds sha l l  be removed since t h i s  
i n h i b i t s  germination. 
c. The seeds sha l l  be placed on f i l t e r  paper soaked i n  s t e r i l e  water. 
d. In 3-4 days, the seeds w i l l  germinate y i v i n g  r i s e  t o  r a d i c l e  elongation. 
e. One cm segments o f  the apical  d o r t i o n  o f  the r o o t - t i p  sha l l  be iso lated.  
f.  The lunar sample s h a l l  be added t o  White's n u t r i e n t  medium ( l i q u i d ) .  
g. The 1 cm segments sha l l  be t rans fer red t o  containers o f  t h i s  so lu t ion .  
by means o f  a bac te r io log i ca l  loop. 
2. Assessment 
a. The fo l l ow ing  data s h a l l  be obtained: 
(1) A f t e r  one week, t h e  length o f  each root  sha l l  be measured and 
the number o f  l a t e r a l  roo ts  counted. These determinations sha l l  
be continued f o r  3-4 weeks. 
. (2) The wet weight o f  the root  cu l tu res  sha l l  be obtained. 
(3) The dry  weight o f  the root  cu l tu res  sha l l  be obtained by dry ing  
the roots  i n  an oven a t  60°c. 
b. A comparison o f  the experimental and cont ro l  data sha l l  be made t o  
determine the e f f e c t  o f  the lunar sample on c e l l  p r o l i f e r a t i o n  and 
d i f f e r e n t i a t i o n .  
3. Reference 
White, P.R., 1963. The C u l t i v a t i o n  o f  Animal and Plant  Cel ls .  
The Ronald Press Co., New York. 
4. Source 
Locally ava i lab le .  
United States Department o f  Agricul ture.  
CLASS Ai<G I OSPERMAE 
SUBCLASS D l COTY LEDONAE 
* 
ORDER TUB l FLORALES 
FAMILY SOLANACEAE 
~ i c o t i a n a  tabacum (tobacco) 
I. GROWTH PROCESSES 
A. D i f f e r e n t i a t i o n :  tobacco p i t h  t i ssue  c u l t u r e  
1. Methods 
a. P i t h  t i ssue s h a l l  be i so la ted  from internode regions o f  ma.ture 
tobacco p l a n t s  growing i n  growth chambers. 
b. Experiments s h a l l  be performed as o u t l i n e d  f o r  c a r r o t  t issue.  
c. E f f e c t  o f  p l a n t  auxins 
Organ d i f f e r e n t i a t i o n  i n  p lan ts  can be manipulated by ad jus t ing  
minute concentrat ions o f  s p e c i f i c  substances incorporated i n t o  the 
c u l t u r e  medium. 
Increased phosphate concentrat ion o r  a d d i t i o n  o f  k i n e t i n  
(6-furfurylamino purine) and indole ace t i c  ac id  (IAA) p a r t i c u l a r l y  
in f luences organ d i f f e r e n t i a t i o n .  
(1) Iso la ted  p i t h  t i ssue s h a l l  be inoculated i n t o  f l a s k s  as fo l lows:  
Concentrat ion o f  P lan t  Auxins (mq/l) 
Substance F lask  1 F lask  2 F lask  3  Flask 4 F lask  5 
I AA 0  3 3 0.03 none 
K i n e t i n  0  0.2 0.02 1  0.2 
Resu 1 t s  s l i g h t  Cal l u s  Roots Shoots no growth 
enlargement 
(2) The lunar sample s h a l l  be added t o  f l a s k s  prepared i n  a  s i m i l a r  
manner . 
2. Assessment 
The e f f e c t  o f  the lunar sample on organ d i f f e r e n t i a t i o n  sha l l  be 
assessed by comparing cu l tu res  exposed t o  lunar sample w i t h  the cont ro ls .  
8. C o n i n :  tobacco p i t h  t i ssue  
1, Methods 
a. Tissue cu l tu res  which have been establ ished and are growing a c t i v e l y  
s h a l l  be t rans fer red  t o  a l i q u i d  medium and placed on mechanical 
shakers. 
b. The c e l l s  and c e l l  aggregates'shal l  be dispersed and a c e l l  suspension 
obtained. 
c. C e l l s  s h a l l  be separated from the l i q u i d  by appropr iate f i l t r a . t i o n  
procedures and used f o r  d i f f e r e n t i a t i o n  studies. 
d. The c e l l  suspension sha l l  be p la ted  on agar p la tes .  This  normal ly 
r e s u l t s  i n  clone formation. 
2. Assessment 
a. The p r o l i f e r a t e d  t i ssue  s h a l l  be analyzed f o r  growth. 
(1) The wet weight sha l l  be determined. 
(2) The d ry  weight sha l l  a lso  be determined. 
(3) The populat ion o f  c e l l / u n i t  volume o r  / u n i t  weight sha l l  be 
obtained. 
b. The e f f e c t  o f  the lunar  sample on s p e c i f i c  organ d i f f e r e n t i a t i o n  I 
s h a l l  be analyzed. 
c. The a b i l i t y  o f  exposed c e l l  suspensions t o  undergo clone formation 
s h a l l  be determined. 
d. Single c e l l s  sha l l  be i so la ted  and protoplasmic movements observed 
microscop ica l l y .  
3. Reference 
Skoog, F. and C. 0. Miller, 1957. Biological action of irowth 
substances. Symposium, Society of Experimental Biology, 1 1 :  118. 
C. Dynamics of movement: protoplasmic streaming 
1 ;  Methods 
a. Tissue culture cells and tobacco hair cells shall be ase?tlzally 
prepared by the previously described methods. 
b. The materials shall be placed on a microslide with a circular 
vaseline chamber. 
c. The lunar sample shall be incorporated into the liquid medium which 
is added to the cells in the chamber on the slide. 
d. The chamber shall be sealed with a cover slip. 
2. Assessment 
a. The effect on the different aspects of protoplasmic movements shall 
be analyzed. The failure to maintain normal cellular activities 
may be indicative ot toxicity of the sample. 
b. Cells shall be observed using phase-contrast microscopy and rec~rding 
. by cinemicrographic methods. 
c. Micrometric measurements shall be prepared from frame enlargements 
of known dimensions. 
d. The following movements shall be assessed: 
( 1 )  Streaming 
(2) Mass flow 
(3) Format ion of vacuoles 
(4) Local izat ion of metabol ic products by cytochemical tests (vital 
stains) 
3. Reference 
~ a h l b e r g ,  P.G. and 5. Venketeswaran, 1963. Phase cinemicrographic 
observat ions on cu l tu red  c e l l s  of  Euphorbia marqinata. h e r .  J. Bot. 
50: 507-913. 
4; Source 
P lan ts  sha l l  be grown from seeds obtained from the U.S. Department 
o f  Ag r i cu l t u re .  
Tissue c u l t u r e  l i n e s :  
Dr. A lbe r t  C. Hi ldebrandt 
Departmeqt o f  Plant  Pathology 
Un ive rs i t y  o f  Wisconsin ' 
Mad i son, W i  scons i n 53706 
Dr. S, Venketeswaran 
Department of B i 01 ogy 
Un ive rs i t y  o f  Houston 
Houston, Texas 77004 
CLASS ANGIOSPERMAE 
SUBCLASS DICOTYLEOONAE 
ORDtR SCROPHULARIALES 
FAMILY SCROPHULARIACEAE 
A n t i  r r h i  num nai us (snapdragon) 
I. REPRODUCTIVE STAGE 
A. Sexual: p o l l e n  
1. Methods 
a. Flowers s h a l l  be obtained before the anthers have dehisced. 
b. The p o l l e n  sha l l  be stored i n  a d ry  s t a t e  i n  p e t r i  dishes o r  i n  
a r e f r i g e r a t o r .  
c. Po l len  s h a l l  be exposed t o  an aqueous s o l u t i o n  o r  powder o f  the 
lunar  sample. The p o l l e n  s h a l l  then be placed on the surface o f  
an agar medium i n  p e t r i  p la tes .  
d.  Al , te rna t ive ly ,  the p o l l e n  s h a l l  be allowed t o  germinate i n  p e t r i  
\ 
p l a t e s  i n  a c u l t u r e  medium conta in ing  the lunar sample. Set 
appendix f o r  composit ion o f  medium. 
2. ' Assessment 
a. The p o l l e n  sha l l  be observed microscop ica l l y .  
b.  The f ~ l l o w i n g  events s h a l l  be studied us ing phase cont ras t  microscopy. 
(1 ) -  Formation o f  p o l l e n  tube, streaming, and r a t e  of growth. 
(2) Nuclear d i v i s i o n .  
3. Reference 
E i g s t i ,  O.J., 1966. Po l len  tube cu l tu res  f o r  teaching and research. 
Tur tox News, 44: 162-166. 
4. Source 
Cut f lowers are l o c a l l y  ava i l ab le .  
CLASS ANG I0  SPERMAE 
SUBCLASS DICOTYLEDONAE 
ORDER ASTE RALE S 
FAM l LY COMPOS l TAE 
L i c tuca  sat iva,  var. Grand Rapids ( l e t t uce )  
I. GERMINATION 
Seeds A. -
1. Methods 
a. 50 su r face -s te r i l i zed  seeds of Lactuca s a t i v a  sha l l  be placed i n  
water f o r  16 hours. 
b. The :unar mater ia l  s h a l l  then be dusted on the sur face-s ter i  1 ized seeds. 
c. A l te rna te ly ,  the soaked su r face -s te r i l i zed  seeds s h a l l  be placed 
i n  a so lu t i on  o f  the lunar  sample f o r  2, 4 and 12 hours. 
d. A f t e r  exposure, the seeds sha l l  be placed i n  p e t r i  p l a t e s  conta in ing 
f i l t e r  papers soaked i n  c u l t u r e  media o r  d i s t i l l e d  water. 
e. The seeds sha l l  be allowed t o  germinate under the f o l l o w i n g  cond i t ions  
i n  specia l  growth chambers.* 
(1) Dark 
(2) White 1 i g h t  
(3) Red 1 i g h t (R) 
(4)' Far-red 1 i g h t  (FR) 
( 5 )  FR -+ R 
Asses smen t 
a. The percent germination s h a l l  be ca lcu la ted  and compared w i t h  the 
con t ro l  seeds. 
* Growth chamber: A l i g h t  t i g h t  box can be made from plywood, sealed w i t h  p l a s t i c  
wood and painted b lack on ;he ins ide.  
b. The e f f e c t  o f  the lunar  sample on the red and fa r - red  response i n  
seed germl na t  ion shal l be de termi ned. 
3. Reference , 
Borthwick, H.A., S.R. Hendricks, E.H. Toole and V.K. Toole, 1954. 
~ c i i o n  of l i g h t  on l e t t u c e  seed germination. Bot. Gaz. 115: 205-225. 
4. Source 
U.S. Department o f  Ag r i cu l t u re  Seed Laborator ies.  
Ferry Morse Seed Co., Mountain View, C a l i f o r n i a .  
L i g h t  sources: 
Red f i l t e r :  This  i s  made by b ind ing  two thicknesses o f  DuPont 300 
MSC rt:d cellophane between two pieces o f  glass. The red f i 1 t e r  i s  placed 
about 1 meter from the f luorescent  bulb. 
Blue f i l t e r :  This  i s  made by us ing DuPont 300 MSC dark b lue cellophane ' 
as described above. 
Far  red: This  i s  obtained by us ing both the red and b lue  f i l t e r  and 
an incandescent bulb. This  i s  a l so  placed about 1 meter from the incandes- 
cent bulb. 
CLASS ANGIOSPERMAE 
SUBCLASS OICOTYLEDONAE 
ORDER ASTERALE S 
Xanthium pennsy lvanicum (cocklebur) 
I. GROWTH PROCESSES 
A. Flowering 
1. Methods 
a. Xanthium p lan ts  sha l l  be maintained i n  a gnotob io t ic  environment 
under short-day (SD) cond i t ions  (16 hours dark-8 hours 1 i gh t )  a t  
23Oc. 
b. The p l a n t s  s h a l l  be exposed t o  the lunar sample by immersing the 
roo t  systems i n  a so lu t i on  o f  the sample f o r  2-12 hours. 
\ 
c. Af te r  treatment the p lan ts  s h a l l  be exposed t o  long-day (LD) con- 
d i t i o n s .  
2. Assessment 
a. Flowering should appear w i t h i n  2 weeks. 
b. The growing po in ts  and apices s h a l l  be examined a t  i n t e r v a l s  under 
a d issec t ing  microscope. 
c. The e f f e c t  o f  the lunar sample on the f lower ing  process sha l l  be 
determined. I 
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CHALLENGE OF BACTERIAL, AN IMAL, AND PLANT V I RUSES 
The e f f e c t  o f  the lunar sample on v i r a l  development and p r o l i f e r a -  
t i o n  s h a l l  be observed. Prime s t e r i l e  sample i s  not  required f o r  these 
tes ts  unless the presence o f  enhancing agents o r  helper  v i ruses i s  being 
invest igated. O f  these three v i r a l  systems, the b a c t e r i a l  v iruses are 
the easiest  t o  work w i th ,  requ i re  the l eas t  space and r e s u l t s  a re  obta in-  
able i n  the shortest  per iod  o f  time. More d e t a i l  i s  there fore  presented 
i n  t h i s  area. 
I. TYPES OF VIRUSES 
A. Bacter ia l  v i ruses 
1. DNA bacteriophages 
a. T4 ( v i r u l e n t )  (Escherichia - col i K 12 and B) 
b. Lambda (temperate) (E. - -  c o l i  K 12) 
c. P 22 (temperate) ( ~ a l m o n e l l a  typhimurium LT 2 o r  LT 7) 
d. #fx 174 (s ing le-s t randed DNA) (E. - -  c o l  i C) 
2. RNA bacteriophages . 
a. MS-2 (E. c o l i  K 12 male) 
- -  
B. Animal v i ruses 
1. P o l i o  (RNA) 
2. Pol yoma (DNA) 
3. Adeno (DNA) 
C. P lant  v i ruses 
1. Tobacco mosaic v i  rus (RNA) 
2. Turnip yel low v i r u s  (RNA) 
3. Tomato bushy s tun t  v i r u s  (RNA) 
4. A l f a l f a  mosaic v i r u s  (RNA) 
11 .  METHODS 
A.  Growth and Maintenance 
1. Bacter ia l  v i  ruses 
a. T4 bacteriophage s h a l l  be grown i n  E. c o l i  K 12 o r  B. 
- -  
b. Lambda s h a l l  be maintained i n  E .  c o l i  K 12. This phage 
- -  
s h a l l  be induced by b r i e f  exposure t o  U.V. 
c. P 22 s h a l l  be maintained i n  Salmonella typhimurium LT 2 
and LT 7. I t s h a l l  be induced by exposure' t o  U.V. 
d. flX '174 s h a l l  be grown i n  E. c o l i  C. 
- -  
e. MS-2 shal! be grown i n  a male E. c o l i  K 12. 
- -  
The procedures f o r  growi ng , harvest ing , and mainta in ing bacter- 
iophage are found i n  the references a t  the end of t h i s  sect ion.  
2. Animal viruses 
Animal v i ruses s h a l l  be grown i n  appropr iate t i ssue  cu l tu res .  
They s h a l l  be harvested and stored according t o  the proce- 
dures l i s t e d  i n  the v i r a l  protocols and appendix. 
3. Plant  viruses 
Plant  viruses s h a l l  be grown i n  the appropr iate p lan ts  o r  
p lan t  t i ssue  cu l tu res ,  harvested and stored according t o  the 
procedures l i s t e d  i n  the  p lan t  protocols and appendix. 
Cha 1 1 enge 
S t e r i l i z e d  lunar sample, suspensions o r  supernatants s h a l l  be 
used in these studies.* 
1. Bacterlal viruses 
a. Bacteriophages shall be incubated in suspensions of the 
lunar sample, washed and added to the appropriate bac- 
terial cultures. 
b. The lunar sample shall be added to the bacterial cultures 
before inoculation with phage. 
c. The lunar sample shall be added to bacterial cultures 
within 5 minutes after infection. 
2. Animal viruses 
a. Viruses shall be incubated in suspensions o f  the lunar 
sample, washed and inoculated into animals o r  tissue 
cultures. 
b. The lunar sample shall be added t o  tissue cultures before 
inoculation with viruses. 
c. The lunar sample shall be added t o  previously infected 
tissue cultures o r  animals. 
3. Plant viruses 
a. Viruses shall be incubated in suspensions of the lunar 
sample, washed, and inoculated into appropriate plants 
o r  plant tissue cultures. 
* Previous control testing shall indicate the advisability o f  adding dry 
material directly to tissue cultures, etc. Suspensions o r  supernatants 
suitably 'neutralized" may be indicated. 
Testing for the presence of helper viruses or enhancing agents shall 
require non-sterile samples. 
b. The lunar  sample s h a l l  be added t o  p lan ts  o r  p l a n t  t i ssue  
cu l tu res  before i nocu la t i on  w i t h  ti ruses. 
c.  The lunar  sample s h a l l  be added t o  p lan ts  o r  p l a n t  t i ssue  
cu l tu res  prev ious ly  in fec ted  w i t h  v i ruses.  
I I I. ASSESSMENT 
A. Bac te r i a l  v i ruses * 
The e f f e c t  o f  the  lunar  sample s h a l l  be observed on: 
1. T4  bacteriophage 
T4  bacteriophage s h a l l  be used t o  determine the e f f e c t  o f  
the lunar sample on mutat ion r a t e  o f  b a c t e r i a l  v i ruses.  
Wi ld  type ~4 phage and r l l  mutants which a re  t r a n s i t i o n  mu- 
- 
tants  from 5-A and A G s h a l l  be examined f o r  the forward 
C T -3- T C 
mutat ion o r  reverse mutat ion t o  w i l d  type as described by 
Drake (1966) . Transvers i on  mutants i,Z_ and A C and s ign  
T '.A 
-4- 
T G 
mutants induced by a c r i d i n e  dye s h a l l  a l s o  be examined f o r  
revers ion t o  w i l d  type. The e f f e c t  on su rv i va l  o f  i n fec t i ous  
p a r t i c l e s  s h a l l  a l so  be determined. 
2. Lambda bacteriophage 
Lambda bacteriophage i s  a temperate phage which lysogenizes 
E. c o l i  K-12. The prophage can be induced t o  en ter  i n t o  the 
- -  
vegetat ive phase o f  r e p l i c a t i o n  by u l t r a v i o l e t  r a d i a t i o n  of  the 
lysogenic bac ter ia .  Other treatments such as exposure t o  n i t r o -  
gen mustard o r  mitomycin C w i l l  a l so  cause induct ion. The e f f e c t  
* References t o  procedures used i n  growing phage and bac ter ia ,  as we l l  
as performing the various experiments a re  g iven a t  the end o f  t h i s  sec t ion .  
# 
o f  the  lunar  sample on the frequency o f  induc t ion  o f  lambds 
phage development s h a l l  be determined. 
3 P22 b a c t e ~  i o p h a ~ e  
P22 temperate phage i s  a general ized transducing phage f o r  
Salmonella typhimurium LT2 and LT7. The e f f e c t  o f  the  lunar  
sample s h a l l  be determined on: 
1. The su rv i va l  o f  plaque-forming u n i t s  
2.  Host bac te r i a  
3 .  Mutat ion from temperate t o  v i r u l e n t  phage 
4. E f f i c i e n c y  o f  transduct i on  
5. Re la t ive  fr-equency o f  lysogenic o r  l y t i c  response t o  
phage i n f e c t i o n  when t r e a t i n g  e i t h e r  the  v i r u s  o r  
the host c e l l  
6. To ta l  progeny 
4. $X 174 and MS-2 bacteriophages 
The e f fec t  o f  the lunar sample on the su rv i va l  o f  plaque- 
forming u n i t s  o f  the s ingle-st randed DNA phage $!X 174 and 
the male-speci f ic  RNA phage MS-2 s h a l l  be s i m i l a r l y  determined. 
B. Animal v i ruses 
The e f f e c t  o f  t he  lunar  sample s h a l l  be observed on: 
1. V i r a l  pro1 i f e r a t i o n  
2 .  Morphogenesis 
3. V i ru lence 
4. Mutagenesis 
5. Tumor induct ion  (pol  yoma) 
C. P lant  v i ruses 
The e f f e c t  o f  the lunar  sainple s h a l l  be observed on: 
1. V i r a l  pro1 i f e r a t  ion 
2. Morphogenes i s 
3. Mutagenesis 
4. V i ru lence 
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LUNAR RECEIVING LABORATORY 
Unique requirements f o r  handling lunar samples and quarantining 
f o r  back-contamination are provided 
The a r r i v a l  on Earth of samples of lunar rock ca re fu l l y  col lected by 
Project Apollo w i l l  present an unparal leled opportunity t o  examine extra-  
t e r r e s t r i a l  materials under cont ro l led conditions. Unless such samples are 
col lected and handled w i t h  great care, a considerable amount o f  unique 
s c i e n t i f i c  information w i l l  be l o s t  (1). The s c i e n t i f i c  importance o f  these 
samples has prompted the National Aeronautics and Space Administrat ion (NASA) 
t o  obtain the expert opinions and guidance o f  many scientists i n  establ ishing 
the requi rements for the Lunar Receiving Laboratory now under construct ion 
a t  the Wanned Spacecraft Center i n  Houston, Texas (Figs. 1 and 2). Contr i-  
butions have come from many NASA-sponsored advisory groups and, i n  par t icu-  
la r ,  on a continuing basis, from a group established f o r  that  purpose by the 
NASA Of ice o f  Space Sciences and Appl i cat ions (2) . 
It was soon established that  the receiving laboratory should have four  
major functions: (i) d i s t r i b u t i o n  o f  lunar samples t o  the s c i e n t i f i c  corn- 
munity f o r  deta i led invest igat ions a f t e r  a period o f  b io log ic  quarantine; 
(ii) performance o f  s c i e n t i f i c  invest igat ions o f  samples that  are time- 
c r i t i c a l  and must be accomplished w i t h i n  the quarantine period; (iii) per- 
manent storage under vacuum o f  a por t ion  o f  each sample; and ( i v )  quarant in -  
ing and tes t ing o f  the lunar samples, spacecraft, and astronauts f o r  un l i ke ly ,  
but po ten t i a l l y  harmful, back-contamination (contamination o f  ex t ra te r res t r i a l  
o r i g i n ) .  
SqMPLE-HANDLING PROCEDURES 
- 
The samples o f  rock w i l l  a r r i v e  on Ear th  aboard an Apol lo spacecraft  
I n  two vacuum-sealed conta iners t o t a l i n g  about 56 l i t e r s  i n  volume. The 
t o t a l  allowance o f  weight f o r  s c i e n t i f i c  mater ia l  coming from Moon i s  36.2 
kilograms; t h i s  w i l l  include approximately 23 kilograms o f  packaged samples 
o f  lunar rock. It i s  planned tha t  each o f  the general-purpose samples c o l -  
lected on Moon w i l l  be i n d i v i d u a l l y  packaged i n  a vacuum-sealed bag and 
packed i n t o  the la rger  boxes; exceptions may be very small samples (of  
which several may be packaged together) and samples co l l ec ted  f o r  special  
purposes. Special-purpose samples include two " lunar environment" rock 
samples, rock samples reserved f o r  experiments i n  gas analys is ,  and samples 
asept i c a l  1 y co l  lected f o r  b i o l o g i c  examination. The "1 unar-envi ronment" 
sanples w i l l  be packaged i n  containers designed t o  hold s t a t i c a l l y  the best 
possib le vacuum and t ranspor t  the specimens under a pressure as c lose t o  
tha t  o f  the lunar atmosphere as i s  possib le w i t h i n  weight and volume con- 
s t ra in t s .  The gas-analysis and b i o l o g i c  samples w i l l  be co l l ec ted  and 
packaged on Moon by use o f  techniques, now under development, t ha t  w i l l  
prevent.contamination tha t  might lead t o  i nco r rec t  conclusions from the 
invest igat ions.  
The main operat ional  areas o f  the rece iv ing  laboratory f o r  processing 
the returned samples are the Sample Laboratory and Vacuum Laboratory, which 
conta in the cabinet b a r r i e r  systems behind which the samples are handled 
(Fig. 2 ) .  Many o f  the operat ions i n  connection w i t h  the samples must be 
performed under vacuum i n  order t o  minimize t e r r e s t r i a l  organic and inorganic 
contamination. The Vacuum Laboratory contains a unique vacuum system that  
i s  u l t r a  clean, provides a primary b i o l o g i c  b a r r i e r ,  and has m a ~ i p u l a t i v e  
c a p a b i l i t y  f o r  handl ing the samples. The pr imary func t i on  o f  the vacuum 
system i s  t o  serve as a rece iv ing  center  f o r  the samples and as a d i s t r i b u -  
t i o n  p o i n t  f o r  o ther  po r t i ons  o f  the rece iv ing  laboratory and, l a t e r ,  f o r  
the s c i e n t i f i c  comnunity; some o f  the vacuum systems are used f o r  outgassing 
and s t e r i l i z i n g  too l s  and conta iners f o r  out-bound f l i g h t s .  
Dry heat i s  the pr imary means o f  s t e r i l i z i n g  the vacuum systems and the 
equipment being prepared fo r  f l i g h t .  Cryogenical ly  trapped pumps comprise 
the primary pumping systems. The use o f  elastomeric mater ia l  i s  minimized; 
i t  i s  r e s t r i c t e d  t o  s p e c i f i c  f luoro-carbons tha t  can be e a s i l y  d isc r im inated 
as contaminants. Most o f  the sample operat ions i n  the chamber are conducted 
under a pressure o f  1 x t o r r  o r  lower. The specia l  lunar-environment 
rock samples are opened, d iv ided,  and repackaged f o r  d i s t r i b u t i o n  under a 
11 pressure no h igher  than 1 x 10- . t o r r .  
The operat ions performed on incoming samples i n  the vacuum systems and 
cabinetry  o f  the Vacuum Laboratory are: unwrapping and s t e r i l i z i n g  the out-  
side o f  the containers; opening and unpacking the containers under h igh  
vacuum; .sampling o f  e f f l u e n t  gases; v i sua l  examination, photography, and 
d i v i s i on ,  and d e l i v e r y  o f  po r t i ons  o f  the samples t o  o ther  areas o f  the 
rece iv ing  laboratory f o r  s p e c i f i c  inves t iga t ions .  Chips removed from each 
sample i n  the high-vacuum system are repackaged i n  small vacuum conta iners 
and passed though t rans fer  tubes t o  the Physical-Chemical Test Laboratory 
and the B io log i ca l  Preparat ion Laboratory. 
TESTS AND ANALYSES OF SPMPLES 
The chips and a s e p t i c a l l y  c o l l e c t e d  b i o l o g i c  samples w i l l  be prepared, 
f o r  quarantine tes t ing ,  i n  the s t e r i l e  environment o f  the B io log i ca l  Prepara- 
t i o n  Laboratory cabinet system; prepara t ion  w i l l  cons is t  of e x t r a c t i n g  b i o l o g i c  
mater ia ls  from each sample and prepar ing the ex t rac ts  f o r  spec i f i c  quarantine 
examinations i n  other  cabinet systems i n  the Sample Laboratory. These examina- 
t i ons  w i l l  include aerobic and anaerobic c u l t u r i n g ;  i nocu la t i on  o f  p lan ts ,  eggs, 
t i ssue cu l tu res ,  amphibia, inver tebrates,  and normal and germ-free animals; and 
biochemical analyses. A de ta i l ed ,  comprehensive t e s t  p ro toco l  i s  c u r r e n t l y  
under development. 
The chips and small samples passed t o  cabinets i n  the Physical-Chemical 
Test Laboratory w i l l  f i r s t  be tested f o r  react ions w i t h  atmospheric gases and 
water vapor. These t e s t s  are designed t o  determine whether lunar  samples w i l l  
s u f f e r  any degradation, o r  s i g n i f i c a n t  change i n  t h e i r  minera logic  composit ion 
o r  physical  p roper t ies ,  as a r e s u l t  o f  exposure t o  Ea r th ' s  atmosphere, t ha t  
w i l l  se r ious ly  a f f e c t  subsequent handl ing and examination. Only small ch ips 
w i ' l l  be exposed i n  t h i s  manner wh i l e  the main p o r t i o n  o f  each sample i s  main- 
tained undtr  vacuum. The chips w i l l  then pass i n t o  another cabinet  conta in ing 
dry, s t e r i l e  n i t rogen,  where p re l im ina ry  examination o f  the mineralogy, petrog- 
raphy, and chemistry o f  the samples w i l l  be performed. Such basic  equipment 
as petrographic microscopes, chemical reagents, an o p t i c a l  spectrograph, and 
small hand too l s  f o r  i nves t i ga t i on  of physical  p roper t ies  w i l l . p r o v i d e  informa- 
t i o n  about each sample. 
Deta i led inves t iga t ions  o f  the minecaiogic,  pe t ro log i c ,  geochemical, and 
physical  p roper t ies  o f  the samples w i l l  be performed i n  many labora tor ies  
throughout the s c i e n t i f i c  community a f t e r  the quarantine period; they w i l l  
include comprehensive analyses o f  major and minor elements and o f  isotopes, 
mineral i d e n t i f i c a t i o n  and desc r ip t i on ,  analyses o f  any organic compounds, and 
determinations o f  physical  p roper t ies .  However, two experiments, e f f l u e n t -  
gas analys is  and gamma-radiation counting, are t i m e - c r i t i c a l  o r  are l inked 
t o  basic operat ions i n  the rece iv ing  laboratory;  they w i l l  be performed there 
i n  a more sophist icated manner. 
An e a r l y  determinat ion wi 1 1  be made, by v i sua l  inspect ion i n  the 10.~- 
t o r t  chambers, o f  which i nd i v idua l  la rge  samples may be the most i n t e r e s t i n g  
f o r  gama-ray spectrometry. Samples co l l ec ted  on the surface o f  Moon, where 
they are not protected from cosmic rays and so la r  protons by a sh ie ld ing  
atmosphere o r  a subs tant ia l  magnetic f i e l d ,  w i l l  con ta in  induced rad ioac t ive  
nucl ides i n  add i t i on  t o  the radio isotopes found i n  t e r r e s t r i a l  rocks. Analysis 
o f  the ganrna r a d i o a c t i v i t y  w i l l  y i e l d  in fo rmat ion  on the compos!tion o f  the 
sample and on the h i s t o r y  o f  the a c t i v a t i n g  rad ia t i on ;  thence may come c lues 
t o  the o r i g i n  and h i s t o r y  of the lunar ma te r i a l .  Gamma-ray spectrometry w i l l  
:be performed i n  the rece iv ing  I t 5 o r a t o r y  dur ing  the quarant ine period, before 
many o f  the sho r te r - l i ved  nucl ides decay; l a t e r  recount ing o f  each sample w i l l  
y i e l d  b e t t e r  information regarding the abundance o f  some isotopes a f t e r  the 
shor te r - l i ved  nucl ides have decayed. 
Lunar samples may not  be'much more ac t i ve  than meteor i tes,  a ~ d  the 
weaker a c t i v i t i e s  i n  meteor i tes cannot be adequately detected and measured 
w i t h  e x i s t i n g  f a c i l i t i e s .  Thus one must analyze the lunar samples by use of 
the best poss ib le  count ing equipment and sh ie ld ing  i n  an environment of steady, 
low- rad ia t ion  background. The gamma-ray count ing room (Fig.  4) w i l l  be located 
approximately 15 meters underground; the w a l l s  o f  the roon; w i l l  be l i n e d  w i t h  
91 cent imeters o f  crushed dun i te  held i n  p lace by a s tee l  l i n e r .  Select ion o f  
cons t ruc t ion  mater ia ls  f o r  low a c t i v i t y ,  and a radon-free atmosphere provided 
by a special  v e n t i l a t i o n  system, w i l l  combine w i t h  the underground l oca t i on  t o  
reduce the rad ioac t ive  background t o  an expected 0.1 t o  0.2 count per minute , 
1 
per  cubic cent imeter of detector  i n  the energy range 0.1 t o  2.0 Mev. An t i -  
coincidence mantles enclosing the 23- by 13-centimeter sodium iodide detectors 
w i l l  f u r t h e r  reduce the background by a f a c t o r  o f  10 t o  100. 
.The radiat ion-count ing da ta-acqu is i t ion  system w i l l  be capable o f  
handl ing data from two coincidence spectrometers. The system w i l l  cons is t  
o f  four  ana log- to -d ig i ta l  converters, each w i t h  a 4096-channel f u l l - s c a l e  
range and a f a s t  memory capable o f  s t o r i n g  the equivalent  o f  an array o f  128 
by 128 channels f o r  each coincidence system. 
The r e t u r n  o f  lunar samples i n  v a c ~ u m - t i ' ~ h t  conta iners w i l l  o f f e r  the 
f i r s t  oppor tun i ty  f o r  comprehensive study o f  the gases i n  e x t r a t e r r e s t r i a l  
ma te r i a l s  w i thout  the usual problems o f  t e r r e s t r i a l  contamination; s i m i l a r  
i nves t i ga t i ons  o f  meteor i tes have y ie lded a wealth o f  data. F a c i l i t i e s  w i l l  
be provided w i t h i n  the Gas Analys is  Laboratory o f  the rece iv ing  laboratory 
f o r  several i nd i v idua l  bu t  c lose l y  re la ted  experiments i n  analyses o f  gases: 
1) Gas i n  the ou ter  box conta in ing the samples and i n  the inner sample bags 
. w i l l  b e  analysed i n  the high-vacuum chamber as each i nd i v idua l  conta iner  
i s  f i r s t  penetrated. This ana lys is  w i l l  prov ide a sens i t i ve  t e s t  o f  the 
q u a l i t y  of the seal o f  each conts lner ,  o f  the outgassing o f  the conta iner  
i t s e l f ,  and o f  the composit ion and amourlt o f  gas tha t  may have been 
released from the sample under ambient cond i t ions .  1 
2) Analys is  o f  gas evolved du r ing  the s p l i t t i n g  and pre l im inary  examination 
o f  the lunar environment rock samples, which w i l i  be accomplished i n  the 
5 x 10-"-torr chamber; t h i s  analys is  should prov ide the same types 1,  
except t ha t  some occluded. 
J 
3) Analys is  o f  the gases evolved upon opening and heat ing o f  the special  gas- t 
r 
ana lys is  samples; t h i s  should prov ide a complete gas composition-temperature 
p r o f i l e  f o r  several lunar  samples, which w i l l  include gas already i n  the 
conta iner  when i t  i s  opened, gas adsorbed on the surface o f  the sample, 
and i n t e r s t i t i a l  and occluded gases. 
4) Analys is  o f  gas released o r  gaseous reac t ion  products evolved dur ing  the 
atrnospheric-reaction t e s t s  i n  the Physical-Chemical Test Laboratory. 
BACK-CONTAMI NATION 
Much o f  the design of the rece iv ing  labora tory  i s  based on the f a c t  tha t  
lunar samples must be considered a p o t e n t i a l  source o f  back-contamination. 
Various responsible s c i e n t i f i c  bodies inc lud ing  the Space Science Board o f  
the National Academy o f  Sciences, have expressed serious concern w i t h  the 
p o s s i b i l i t y  o f  b i o l o g i c  back-contamination from e x t r a t e r r e s t r i a l  exp lo ra t i on  
(3). I n  the case o f  Moon, tb low atmospheric pressure, la rge  surface- 
temperature v a r i a t i o n ,  probable absence o f  f r e e  water, severe su r face - i r rad ia t i on  
environment, and cont inual  impingement o f  meteroids on the surface make the 
ex is tenceof  a near-surface lunar  biosphere, conta in ing t e r r e s t r i a l l y  compatible 
forms o f  l i f e ,  h i g h l y  u n l i k e l y .  The p r o b a b i l i t y  o f  f i n d i n g  such forms i n  the 
less  s t r i n g e n t  environment o f  the lunar subsurface may be somewhat h igher .  
However, i t  i s  widely  bel ieved tha t  lunar mater ia l  must a r r i v e  more o r  less 
c o n t i n u a l l y  on Ear th  as meteori tes; t ha t  these pieces have escaped from the 
lunar surface as secondary e j e c t a  when a pr imary meteoroid impacted the lunar 
surface. Such lunar mater ia l  could reach Earth wi thout  i t s  e n t i r e  mic rob ia l  
load being k i l l e d ,  ye t  no forms o f  l i f e  are knoin t o  have a r r i ved  on Ear th  
i n  t h i s  manner. Nevertheless, the r e t u r n  o f  ineil and samples from the surface 
o f  a fo re ign  c e l e s t i a l  body e n t a i l s  some very small r i s k  o f  back-contamination 
tha t  could adversely a f f e c t  the t e r r e s t r i a l  biosphere. 
For  s p e c i f i c  guidance i n  matters r e l a t i n g  t o  back-contamination, NASA 
Is relying on the expert advice of the Interagency Committee on Back Con- 
tamination (4), wh:ch was established for this purpose at the request of 
NASA. 
The biolog ic-con tai nment systems used i n the ieceiv ing laboratory must 
not onlyprevent theescapeof material that could adversely affect the ter- ' 
restrial biosphere; they must also prevent terrestrial organisms from con- 
taminating the lunar samples. Biologic integrity of the samples must be 
maintained to prev=;rt incorrect interpretations of biologic and organit 
analyses. 
The astronauts, having been on the lunar surface, will be considered 
exposed to lunar material; thus they will be quarantined in the receiving 
laboratory. Recovery and transport of the astronauts to this laboratory 
will be accompanied by apprcpriate means of biologic isolation. During the 
biologically isolated recovery operation, the astronauts will remove the two 
rigid, vacuum-sealed containers of lunar samples from the spacecraft and take 
them into the mobile isolation unit: there the containers wil! be wrapped and 
sealed .within biologic barriers, decontaminated, and passed hr rapid jet 
transport to the receiving laboratory. The interior of the comand module 
(the returning element of the spacecraft) may come in contact with a small 
amount of lunar material that has been tracked in by the astronauts; in any 
case it will contain the astronauts for more than 2 days after their lunar 
exposure. Thus it must be considered contaminated; after removal of the 
astronauts and sample containers, it will he sealed for the duration of the 
quarantine. 
The exterior of the spacecraft will be considered biologically clean 
because the command module will not have contacted the lunar surface, and 
because o f  the h igh  temperatures experienced by t h !  whole surface dur ing reent ry .  
The sealed spacecraft w i l l  be transported t o  the rece iv ing  laboratory f o r  
secure b i o l o g i c  i s o l a t i o n  where i t  w i l l  be ava i l ab le  f o r  any essen t i s l  post- 
f l i g h t  exmina t i on .  Thc samples w i l l  a r r i v e  f i r s t  a t  the rece i v ing  laboratory 
where they w i l l  be introduced immediately i n t o  the b i o l o g i c - b a r r i e r  s y ~ t c m .  
Photographic f i l m  and magnetic data tapes from the spacecraft  w i l l  a r r i v e  w i t h  
the samples, and w i l l  be s t e r i l i z e d ,  by ethylene oxide treatment, f o r  r e t r i e v a l  
o f  data outs ide the b i o l o g i c  b a r r i e r .  A r r i v i n g  some hours l a t e r  i n  t h e i r  mo- 
b i l e  i s o l a t i o n  u n i t ,  the astronauts w i l l  be t rans fer red  to  the crew-reception 
area o f  the rece iv ing  labora tory .  
The a d v i s a b i l i t y  o f  quarant in ing i n  a s ing le  f a c i l i t y  a l l  poss ib ly  hazard- 
ous mater ia l  a r r i v i n g  from Moon has been pointed out  by many consul tants as 
necessary t o  increase p o s i t i v e  con t ro l  o f  b i o l o g i c  i n t e g r i t y .  Container- 
opening operat ions and subsequent t es t s  and examinations o f  samples w i l l  be 
conducted behind the two-way b i o l o g i c - b a r r i e r  system composed o f  gas- t igh t  
glove cabinets and vacuum chambers. This  system i s  unique i n  t ha t  conventional 
containment systems are designed LO prevent contamination i n  one d i r e c t i o n  on ly .  
The two-way system w i l l  p r o t e c t  laooratory s c i e n t i s t s  and technic ians 01 the 
ou ts ide  from contact  w i t h  poss ib le  lunar b i o l o g i c  mater ia ls ;  a t  the same time 
i t  w i l l  p ro tec t  the samples on the ins ide  from t e r r e s t r i a l  biocontamination. ' 
Second-line containment t o  guard the p u b l i c  hea l th  i n  the event o f  a break i n  
t h i s  system i s  provided by features o f  b u i l d i n g  design and c o i ~ s t r u c t i o n  t h a t  
e s t a b l i s h  a b i o l o g i c  b a r r i e r  surrounding the e n t i r e  area o f  sample operat ions. 
This  b a r r i e r  i c  character ized by such features as sealed wa l ls ,  f l o o r s ,  ard 
c e i l i n g s ;  con t ro l  o f  leak-path d i r e c t i o n  by a i r -pressure d i f f e r e n t i a l s ;  s i ng le  
passage a i r  condi t ion ing,  w i t h  b i o l o g i c  f i l t e r s  on in take and exhaust; inc in -  
e ra t i on  o f  e f f l u e n t  a i r ;  and con t ro l  and s t e r i l i z a t i o n  o f  l i q u i d  e f f l u e n t s .  
The imnediatel y adjacent Crew Reception Area, where the astronauts are 
iso la ted  during quarantine, i s  s i m i l a r l y  b u i l t .  The area not  on ly  provides 
f o r  the crew, pos t f  1 i gh t  medical team, and support personnel dur ing  the 
quarantine period; i t  a l so  has the contingency c a p a b i l i t y  o f  housing a l l  
personnel tha t  might be exposed t o  b i o l o g i c  hazards i n  the sample laboratory 
by f a i l u r e  i n  a b a r r i e r  system. I t  i s  an t i c i pa ted  tha t  the per iod o f  quar- 
ant ine f o r  samples w i l l  be about 30 days, which per iod  the laboratory i s  
capable of extending i f  a s p e c i f i c  problem o f  back-contamination emerges. 
CONCLUSlON 
The Lunar Receiving Laboratory w i l l  be the permanent deposi tory o f  a 
po r t i on  o f  the c o l l e c t i o n  o f  lunar samples; i t  w i l l  safeguard the c o l l e c t i o n ,  
p rov id ing  cont inuing secur i ty  and ensuring s c i e n t i f i c  i n t e g r i t y .  I n  ca r ry ing  
ou t  the time-dependent experiments and cont inuing func t ions  o f  the laboratory, 
NASA w i l l  r e l y  on v i s i t i n g  expert scientists supplementing a r e l a t i v e l y  small 
resident s taf f ;  outs ide s c i e n t i s t s  w i l l  be r e l i e d  upon f o r  most inves t iga t ions  
and de ia i  led analyses o f  samples. I t  i s  be1 ieved tha t  the designed procedures 
and f a c i l i t i e s  provided w i l l  ensure the maximum s c i e n t i f i c  r e t u r n  from the 
Apol lo  Program i n  the way o f  in format ion from lunar samples. 
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Fig.. 4. Redlation Counting L3boratory. Fif teen meters b e l m  the ground f loo r  of f ices  
is the low-level gawa-ray spectrometry laboratory. l h e  counting room has a radiat ion 
bafcle entrance end is enclosed by thick wells of lw a c t i v i t y  material. Pieces of 
equipment indicated in the counting room a re  a lead shield ( l e f t ) ,  a multiparameter 
pulse-height analyzer with associated electronics and accessories (center), and a 
detector-shield-anticoincidence mantle assembly (r ight) .  
I 
L 
COMPUTATION ON PROBABILITIES OF DETECTING MICROORGANISMS 
Thc d i s t r i b u t i o n s  o f  these m ic ro f l o ra  are  considered from two probab i l -  
i s t i c  models. The f i r s t ,  Model I, assumes a Poisson d i s t r i b u t i o n  o f  organ- 
isms i n  the lunar s o i l .  This means that,  f o r  any a r b i t r a r y  amount o f  s o i l  
co l lec ted ,  there i s  a p r o b a b i l i t y  of ob ta in ing  no organisms i n  the sample, 
and a l s o  a p r o b a b i l i t y  o f  ob ta in ing  any f i n i t e  number o f  organisms, however 
small. The second formulat ion,  Model II, i s  nonparametric. I t  assumes no 
s t a t i s t i c a l  d i s t r i b u t i o n s  i n  the s o i l ,  b u t  gives the p r o b a b i l i t y ,  given a 
c e r t a i n  d e f i n i t e  number o f  organisms i n  the s o i l ,  t h a t  a favorable match o f  
organism w i t h  environment w i l l  occur, i f  the oi janisms are d i s t r i b u t e d  random- 
l y  among the var ious environments. I t  i s  now determined ! , . . , t  the f i r s t  forni- 
u l a t i o n  i s  a l i m i t i n g  case o f  Model i l ,  as the number o f  d i s t i n c t  types o f  
organisms i n  the ssmple increases. 
Symbol s 
Q Number o f  treatment combinations. kunber  o f  
atmosphere] Eumber o f  temperatures Number o f  3 C 
med i 3 
Number o f  d i s t i n c t  types o f  organisms i n  t o t a l  
samp 1 e 
Frequency o f  organisms o f  a l l  types i n  sample - 
' I  
(organ i smdgm) 
Tota l  weight o f  sample - (gms) 
Frequency o f  organisms o f  type i 
Weight o f  s o i  1 per treatment combination (gms) 
* f This analys is  was c a r r i e d  out by members o f  the Computation and Analysis 
Branch, a t  Ames Research Center, M o f f e t t  F i e l d ,  C a l i f o r n i a ,  under the 
sponsorship o f  M r .  Vance I. Oyama, o f  the Exobiology D iv i s ion .  
-" mVIJl**"""X1,"4 ...--.-- ----r,,-- I.: -y----w=- 
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MODEL I 
Poisson D i s t r i b u t i o ~  o f  Organisms 
Prob (X organisms i n  a sample o f  weight w) 
Suppose tha t  there are  M types o f  organism, each o f  frequency f i ,  ;=I, 2, ... M, 
and tha t  each o f  the M types can surv ive  and grow i n  one and on ly  one environ- 
ment. Then, 
Prob  one o f  the M environments has an ~ r g a n i s m  which wi 1 1  
surv ive  and grow i n  i t) 
where w = W/Q - t o t a l  weight o f  sample/number of environments. 
i.e., the t o t a l  s o i l  sample i s  d i v ided  equa l ly  among a l l  treatment 
combinations (environments) 
Le t  
P=Prob ( ~ t  leas t  one o f  the M environments has a t  l eas t  one organ- 
i,m i n  i t s  sample which w i l l  surv ive i n  i t )  
Where a = frequency o f  organisms o f  a l l  k inds i n  the sample. Note tha t  P 
i s  independent o f  the number o f  d i f f e r e n t  k inds o f  organismsin the s o i l ,  bu t  , $ 
S 
depends only  on the propor t ion,  a, o f  organisms o f  a l l  k inds i n  the s o i l .  A 
p l o t  o f  2 versus P f o r  var ious values o f  a i s  shown i n  f i g u r e  1. 
. , 
Nonparametric Model 
I n  t h i s  model we assume t h a t  there are  W grams o f  ma te r i a l  t o  be d iv ided 
equal ly  among the Q environments, t h a t  there a re  exac t l y  a W organisms present 
and tha t  the t o t a l  number o f  ways these organisms may be d i s t r i b u t e d  among 
the Q environments are  equa l ly  l i k e l y .  
Le t  ni = number o f  organism o f  type i f o r  i = I ,  2, ..., M 
Then the number o f  ways n l  organisms can be d i s t r i b u t e d  among the Q envi ron-  
and the number o f  ways one spec i f i ed  environment can be empty i s :  
Therefore, the p r o b a b i l i t y  t ha t  the environment which can support organism 
type i i s  empty of typz i i s  : 
Hence, the p r o b a b i l i t y  t ha t  a l l  environments which can grow one o f  the organ ism 
are empty i s :  
Therefore, the probabi 1 I ty tha t  a t  l e a s t  one o f  the environments which can 
g r w  an organism i s  non-empty I s  
P s  1 - ('2- ]IM/ (Q - I + nl) (Q - 1 + n2) ...(Q - 1 + n,) 
For ease o f  computation, assume t h a t  the numbers o f  each organism present 
a re  equal 
ni = n f o r  a l l  I 
Then, 
Q - l + n  
n i  = t o t a l  number of organisms present 
i -1 
Solv ing f o r  W 
Q - 1  
f o r  large Q,- i s  approximately 1, and there fore  
Figures 2, 3, and 4 s h w  w as a func t i on  o f  P, f o r  var lous values o f  M and a. 
Note tha t  both Models I and I I show t h a t  the weight of so l  1 per environment 
i s  independent o f  the number o f  d i f f e r e n t  environments, hawever, the t o t a l  
weight o f  sample i s ,  of course, no t  , since W - wQ. 
Ca lcu la t ion  f o r  Sample ~equ i rement  
Tentat ive number env i ronmen t s  cons i dered 108 
Probabi 1 i t y  sought = 0.95 
Assumption: Poisson d i s t r i b u t i o n  o f  a frequency o f  1 org/gram 
w = 3 g/envi ronmen t. 
Then the number of grams requi red (w) t o  de tec t  1 organism w i t h  a probabi 1 i t y  
of 0.95. 
w = wQ = 3 x 108 = 324 grams 
Qssumption: To ob ta in  s i g n i f i c a n t  number o f  organisms f o r  enumeration, 
100 organisms w i l l  be required. Enumeration procedure w i l l  requi re,  
100 x 3 = 300 add i t i ona l  grams 
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STANDARD METNS FOR THE EXAM I  NAT I ON OF WATER AND WASTE WATE4 
I .  SAMPLES 
A. Col lect ion 
Sanples f o r  bacter io log ic  examination sha l l  be col lected i n  
bo t t les  which have been cleansed w i t h  great ,dre, r insed i n  clean 
water, and s te r  i 1 i zed as d i rected under "Laboratory Apparatus, 
Washing, and S t e r i l i ~ a t i o n . ~ ~  
B. Preservation and Storaqe 
The bacter io log ic  examination o f  a water sample should be 
i n i t i a t e d  immediately a f t e r  co l lec t ion.  However, such a require- 
ment i s  seldom prac t i ca l ,  and more r e a l i s t i c  arrangements must be 
established. Therefore, i t  i s  recommended that  the technical 
procedures be s tar ted preferably w i t h i n  1 hour a f t e r  co l lec t ion;  
the time elapsing between co l l ec t i on  and examination should i n  
no case exceed 30 hours. 
During the per iod elapsing between co l lec t ing  and examination, 
the temperature o f  the sample sha l l  be maintained as close as pos- 
s i b l e  t o  that  o f  the source o f  the sample a t  the time o f  sampling. 
I I .  STANDARD PLATE COUNT 
Proparation and D i l u t i on  
The sample b o t t l e  sha l l  be shaken vigorously 25 tirnes, and the 
required' po r t ion  shal l  be withdrawn a t  once w i th  a standard s t e r i l e  
p ipet  t o  the p e t r i  dish, d i l u t i o n  bo t t le ,  or  tube. If d i l u t i o n s  are 
made, the d i l u t i o n  b o t t l e  sha l l  be l ikewise shaken 25 times before 
port ions are removed. 
The water used f o r  d i l u t i o n  s h a l l  be prepared as d i rec ted  under 
"Preparation o f  Cul ture Media, C, Media ' f i ca t ions , "  Sec. I. Tap 
o r  d i s t i l l e d  water s h a l l  no t  be used. 
B. Pla t i nq  
A 1 m l ,  0.1 m l ,  o r  other  su i tab le  volume o f  the sample o r  
d i l u t i o n  t o  be used f o r  p l a t i n g  s h a l l  be placed i n  the p e t r i  d ish  
f i r s t .  It i s  recommended t h a t  d i l u t i o n s  be used i n  preparing vo l -  
umes less than 1 m l ;  i n  the examination o f  sewage o r  t u r b i d  water, 
a 0.1 m l  inoculum o f  the o r i g i n a l  s a ~ p l e  s h a l l  not be measured,but 
an appropr iate d i l u t i o n  s h a l l  be prebared. 
Not less than 10 m l  o f  l i q u e f i e d  agar medium a t  a temperature 
o f  43°C s h a l l  be added t o  the  water i n  the p e t r i  dish. The agar 
may be stored i n  a m ~ l t e d  cond i t ion  i n  a container prov id ing  main- 
tenance o f  the proper temperature f o r  no longer than 3 hours and 
s h a l l  not  be remelted. 
Tryptone glucose ex t rac t  agar (o r  p l a t e  count agar) s h a l l  
. be used. 
The cover o f  the d i sh  s h a l l  be l i f t e d  j u s t  enough f o r t h e i n t r o -  
duct ion of the p ipe t  o r  the c u l t u r e  medium. The agar and the sample 
s h a l l  be thoroughly mixed and uni formly spread over the b o t t o ~  
o f  the d ish  by t i l t i n g  and r o t a t i n g  the dish. 
The p la tes  s h a l l  be s o i i d i f i e d  a: r a p i d l y  as possible a f t e r  
pouring a n d  placed immediately i n  the  appropr iate incubator.  Not 
more than 20 minutes s h a l l  elapse between p l a t i n g  and pouring. 
C. lncubat ion 
lncubat ion f o r  the standard p l a t e  count us ing an agar medium 
s h a l l  be a t  a temperature o f  35' * O.S°C f o r  24 2 hours o r  a t  
20' f O.S°C f o r  48 + 3 hours. I n  the examination o f  ch lo r i na ted  
suppl ies where c h l o r i n a t i o n  has no t  been e f f e c t i v e  and where the 
c h l o r i n e  i n  the sample has been neu t ra l i zed  by the  a d d i t i o n  o f  
sodium t h l o s u l f a t e ,  c o l i f o r m  bac te r i a  may not  develop s u f f i c i e n t l y  
t o  be detected i n  24 hours, although i n  48 hours the count may be 
appreciable. Glass-covered dishes and p l a s t i c  dishes s h a l l  be in -  
ver ted i n  the  incubator.  P lates are  t o  be packed as d i rec ted  under 
"Laboratory Apparatus,I1 Sec. 1. Any dev ia t i on  from t h i s  method must 
be s ta ted  i n  the  repo r t  o f  examination. 
D. Counting - 
I n  preparing p la tes ,  such amounts o f  waLer s h a l l  be p lanted as 
w i l l  g i v e  from 30 t o  300 colonies on a p la te .  The aim s h a l l  be 
always t o  have a t  l eas t  two p la tes  g i v i n g  the numbers between 
these l i m i t s ,  except as provided below. 
O r d i n a r i l y ,  i t  i s  not  des i rab le  t o  p lan t  more than 1.0 m l  i n  
a p la te ;  therefore,  when the t o t a l  number o f  co lonies developing 
from 1.0 m l  i s  less than 30, i t  i s  obviously  necessary t o  d i s re -  
gard the former r u l e  and t o  record the r e s u l t  as observed. W.i t h  t h i s  
exception, on ly  p la tes  showing 30 t o  300 colonies should be considered 
i n  determining the standard p l a t e  count. The r e s u l t  as reported 
s h a l l  be the average o f  a l l  p la tes  f a l l i n g  w i t h i n  the l i m i t s .  
Counting s h a l l  be done w i t h  an approved count ing a id ,  such 
as the Quebec coiqny counter. I f  such equipment i s  not  ava i lab le ,  
count ing may be done w i t h  on? prov id ing  equivalent  magn i f i ca t ion  
and i l l um ina t i on .  
To avoid f i c t i t i o u s  accuracy and y e t  t o  express the numerical 
r e s u l t s  by a method consis teat  w i t h  the p rec i s ion  o f  the technique 
employed, the recorded number o f  bac te r i a  per m i l l i l i t e r  s h a l l  
not  inc lude more than two s i g n i f i c a n t  f igures .  For example, a count 
o f  142 i s  recorded as 140, and a count o f  155 i s  160, whereas a 
count o f  35 s h a l l  be recorded as 35. 
Counts s h a l l  be designated as "standard p l a t e  counts a t  35OC,I1 
o r  "standard p l a t e  cocnt a t  20°C." 
Ill. MULTIPLE-T1"E FERMENTATION TECHNIQUE 
It has been adequately demonstrated tha t ,  even a f t e r  the prescr ibed 
shakiiig, the d i s t r i b u t i o n  o f  bac te r i a  i n  water i s  i r r e g u l a r .  It i s  
e n t i r e l y  possib le t o  d i v i d e  a g iven volume o f  water i n t o  por t ions  
and a f t e r  t e s t i n g  f i n d  tha t  the number o f  organisms i n  any p o r t i o n  
may be none, o r  a t  l e a s t  less than the a r i t hme t i c  average based on 
examination o f  the t o t a l  volume might ind ica te .  I t  i s  a l so  q u i t e  
probable t h a t  the growth i n  a fermentat ion tube may r e s u l t  not  from one 
but from many organisms. It i s  reasonable, however, t o  assume tha t  
growth develops from a s ing le  i nd i v idua l .  
I t  i s  convenient t o  express the r e s u l t s  o f  the examination o f  r e p l i -  
cate tubes and d i l u t i o n s  i n  terms o f  "most probable number." This 
term i s  a c t u a l l y  an est imate baser' on c e r t a i n  p r o b a b i l i t y  formulas. 
Theoret ica l  considerat ions and large-scale r e p l i c a t e  determinat ions 
i nd i ca te  tha t  t h i s  est imate tends t o  be greater  than the actual  
number, and t h a t  t h i s  d i s p a r i t y  tends t o  d imin ish  w i t h  increasing 
numbers o f  t*!bes i n  each d i l u t i o n  examined. 
The accuracy o f  any s i n g l e  t e s t  w i l l  depend, then, on the number 
o f  tubes used. The most s a t i s f a c t o r y  infortnat ion w i l l  be obtained 
when the la rges t  p o r t i o n  examined shows gas i n  some o r  a l l  o f  the tubes, 
and the smal lest  p o r t i o n  shows no gas I n  a l l  o r  a  m a j o r i t y  o f  the tubes. 
The numerical value o f  the es t imat ion  o f  the  b a c t e r i a l  content i s  l a rge l y  
determined by t h a t  d i l u t i o n  which shows both p o s i t i v e  and negat ive re- 
s u l t s .  The number o f  por t ions ,  espec ia l l y  i n  the c r i t i c a l  d i l u t i o n ,  
- w i l l  be governed by the desi red accuracy o f  the r e s u l t .  The increased 
i n t e r e s t  i n  a,~d the numerous inves t iga t ions  i n t o  the p rec i s ion  o f  the 
mul t ip le - tube technique and the expression o f  the r e s u l t s  as MPN should 
no t  be permi t ted  t o  confuse the issue t o  the extent  t h a t  these methods 
a re  regarded as a  s t a t i s t i c a l  exerc ise ra ther  than a  means o f  es t imat ing  
1 
the c o l i f o r m  dens i ty  of  a  water and thereby a id ing  i n  es tab l i sh ing  
i t s  san i ta ry  q u a l i t y .  The best assessment o f  such q u a l i t y  s t i l l  must 
depend on the i n t e r p r e t a t i o n  o f  the r e s u l t s  o f  the mul t ip le - tube 
technique o r  o f  o ther  methods, poss ib ly  more precis-,  which may be 
developed . id  o f  a l l  o the r  inful-mation regarding a  water which may 
be obtained, by surveys o r  otherwise. 
A. Water o f  dr ink ing-water  qua1 i t y  
When examining water f o r  evidence o f  a c c e p t a b i l i t y  under the 
standards o f  the US Pub l ic  Heal th Service, on ly  media and methods 
spec i f i ed  i n  the l a t e s t  e d i t i o n  o f  those standards may be used. 
It i s  necessary t o  use a minimum o f  f i v e  fermentat ion tubes o f  the 
chosen presumptive medium, each conta in ing 10 m l  o r  100 m l  o f  the 
water sample. 
B.  Water o f  o ther  than dr inking-water q u a l i t y  
I n  the examination o f  waters o f  o ther  than dr ink ing-water  
q u a l i t y ,  a ser ies  o f  lactose b ro th  o r  l a u r y l  t ryp tose bro th  tubes 
should be inoculated w i t h  decimal q b a n t i t i e s  o f  the water, the 
se lec t i on  o f  the s i z e  o f  the por t ions  depending on the probable 
c o l i f o r m  dens i ty  as ind ica ted  by the experience o f  the bac te r i o lo -  
g i s t  and the extent  o f  knowledge o f  the  ckaracter  o f  the water. 
The ob jec t  o f  the examination o f  nonpotable water I s  genera l l y  t o  
est imate the densi ty  o f  b a c t e r i a l  contamination o r  detern ine 
a source o f  p o l l u t i o n .  This d e f i n i t e l y  requi res a numerical value 
f o r  repor t ing  resu l t s .  The ,:-l+rple-tube fermentat ion technique 
may be used, bu t  t o  ob ta in  s t a t i s t i c a l l y  v a l i d  MPN values a m in i -  
mum ser ies  o f  three, but p re ferab ly  f i v e  tubes, each inoculated 
w i t h  decimal q u a n t i t i e s  o f  samples, should be made. A s u f f i c i e n t  
number o f  samples must be examined t o  y i e l d  representat ive r e s u l t s  
f o r  the sampling s ta t i on .  General ly,  the log  average o r  median 
value o f  the r e s u l t s  o f  a number o f  samples w i l l  be a value i n  
which the e f f e c t  o f  i nd i v idua l  extreme values i s  minimizzd. The 
membrane f i l t e r  technique may prove the  b e t t e r  procedure t o  accom- 
p l i s h  t h i s  ob jec t ive ,  although i n  many wastes and p o l l u t e d  waters 
the membrane f i l t e r  technique may not  be app l icab le  and the m u l t i p l e -  
tube technique w i l l  be required, as discussed under the membrane 
f i l t e r  technique. 
I V .  STANDARD TESTS 
A. Presumptive t e s t  
Lactose b ro th  o r  l a u r y l  t ryp tose b ro th  may be used i n  the 
Presumptive Test. 
1. Procedure 
a. Inoculate a ser ies  o f  fermentat ion tubes ("primary" fermen- 
t a t  ion  tubes) w i t h  appropr iate graduated q u a n t i t i e s  (mul- 
t i p l e s  and submult iples o f  l m l )  r,f the water t o  be tested. 
The concentrat ion o f  n u t r i t i v e  ingredients i n  the mix ture  
o f  medium and added p o r t i o n  o f  sample must conform t o  the 
requ i rements g iven underl'Med i a Spec i f  i cat  ions, C, 'I Sec. 2, 
3, and 4. The po r t i ons  o f  the water sample used f o r  ino- 
c u l a t i n g  the lactose bro th  fermentat ion tubes w i l l  vary i n  
s i z e  and number w i t h  the character o f  the water under exam- 
i na t i on ,  bu t  i n  general should be decimal m u l t i p l e s  and 
submult iples o f  1 m l .  These should be selected i n  accor- 
dance w i t h  the above d iscussion o f  the  mu l t i p le - tube  t e s t .  
b. Incubate the fermentat ion tubes a t  35' f O.S°C. Examine each 
tube a t  the end o f  24 f 2 hours and, i f  no gas has tormed, 
again a t  the end o f  48 + 3 hours. Record the presence o r  
absence o f  gas formation a t  each examination o f  the tubes, 
regardless o f  the amount. More d e t a i i e d  records o f  the 
amount o f  gas formed, though des i rab le  f o r  the purpose o f  
study, a re  not  necessary f o r  performing the standard tes ts  
prescribed. 
2. I n t e r p r e t s t  ion  
Format ion  w i t h i n  48 * 3 hours o f  gas i n  any amount i n  the 
inner fermentat ion tubes cons t i t u tes  a p o s i t i v e  Presum!jtive 
Test. 
The appearance o f  an a i r  bubble must not be confused w i t h  
actual  gas production. If the gas formed i s  a r e s u l t  o f  fe r -  
mentation, the b ro th  medium w i l l  become cloudy and a c t i v e  
fermentat ion may be shown by continued sppearance o f  small 
bubbles o f  gas throughout the medium outs ide  o f  the  inner 
fermentat ion tube when gen t l y  shaken. 
The absence o f  gas formation a t  the end o f  48 + 3 hours 
o f  incubat ion cons t i t u tes  a negat ive tes t .  An a r b i t r a r y  l i m i t  
o f  48 hours f o r  observat ion doubt less excludes from consider- 
a t i o n  occasional members o f  the c o l i f o r m  group which form gas 
very s lowly;  but f r b r  the purpose of a standard t e s t  based on 
the d e f i n i t i o n  of  the co l i f o rm group, exc lus ion o f  these occa- 
s ional  slow gas-forming organisms i s  sa t i s fac to ry .  
B. Confirmed t e s t  
The use o f  conf irmatory b r i l l i a n t  green lactose b i l e  b ro th  
fermentat:on tubes o r  of Endo o r  eosin methylene b lue agar p la tes  
i s  permit ted. 
1. Procedure 
Submit a l l  primary fermentat ion tubes showing any amount 
o f  gas a t  the end o f  24-hr incubat ion t o  the Confirmed Test. 
I f  a c t i v e  fermentat ion appears i n  the primary fermentat ion 
tube before the e x p i r a t i o n  o f  the 24-hr per iod  of  incubat ion, 
i t  I s  p re ferab le  t o  t rans fer  t o  the conf i rmatory medium w i th -  
out  wa i t i ng  f o r  the f u l l  24-hr per iod  t o  elapse. I f  add i t i ona l  
p r i na ry  fermentat ion tubes show gas product ion a t  the end o f  
48-hr incubat ion, these too s h a l l  be s ibm i t t ed  t o  the Confirmed 
Test. 
2. A l t e r n a t i v e  procedure 
Where three o r  more m u l t i p l e  por t ions  o f  a ser ies  o f  three 
o r  more decimal d i l u t i o n s  o f  a g iven sample are  planted, submit 
t o  the Confirmed Test a l l  tubes o f  the two h ighest  d i l u t i o n s  
(smal lest volumes) o f  the o r i g i n a l  samples showing gas forma- 
t i o n  i n  24 hours. 
A l l  tubes producing gas i n  24 hours tha t  have not  been sub- 
m i t t e d  t o  the Confirmed Test must be recorded as conta in ing 
organisms o f  the c o l i f o r m  group, even though a l l  the  Confirmed 
Tests made y i e l d  negat ive resu l t s .  
Sulrmit the Confirmed Test a l l  tubes o f  a l l  d i l u t i o n s  
o f  ti,r 3 r i g i n a l  sample i n  which gas i s  produced on ly  a t  the end 
of 46 :;ours. 
I f  less than three port.ions o f  any d i l u t i o n  (volume), o r  i f  
a ser ies  of less than three decimal d i l u t i o n s  o f  the o r i g i n a l  
sample a r e  planted, submi t a1 1 tubes producing gas a t  24 o r  
48 hours t o  the Conf i rmed Test . 
3 .  Procedure w i t h  b r i l l ' t a n t  green lactose b i l e  b ro th  
a. Use a s t e r i l e  i~ ;? ra l  loop 3 mm i n  diameter t o  t rans fe r  one 
l oop fu l  o f  medium from the pr imary fermentat ion tube s h w -  
ing gas t o  a fermentat ion tbbe conta in ing b r i l l i a n t  green 
lactose b i l e  broth.  When making such t rans fers ,  gen t l y  
shake the tube f i r s t  or  mix b-i ro ta t i ng .  
b. Incubate the inoculated b r i l l i a n t  green lactose b i l e  b ro th  
f o r  48 2 3 hours a t  3S°C t O . S ° C .  
c. l n t e r p r e t a t i o n  
The formation o f  gas i n  any amount i n  the inver ted v i a l  
o f  the b r i l l i a n t  green lactose b i l e  b ro th  f e m e n t a t i o n  
tube a t  any i ime w i t h i n  48 f 3 hours con: .?tires a p o s i t i v e  
Confirmed Test. 
4. Procedure w i t h  Endo o r  ecrsin methylene b iue  agar p la tes  
a. Streak one o r  more p la tes  from each o f  L I I ~  selected ~ r i -  
mary fermentat ion tubes showing gas formation; i t  i s  essen- 
t i a l  t ha t  the p la tes  be so streaked as t o  insure the pre- 
sence o f  some d i sc re te  co lon ies ,  separated by a t  l eas t  
0.5 cm from one another. 2arefu l  a t t e n t i o n  t o  the f o l -  
lowing d e t a i l s ,  when s t reak ing  p la tes ,  w i l l  r e s u l t  I n  a 
h igh  pr.,portion of s u c c e s ~ f u l  isa2lation i f  r o l  i fo rm organisms 
are $resent: 
(1) Enlploy an inocu la t ing  needle s1;;i:ily curved a t  the t i p .  
( 2 )  Tap and i n c l i n e  the primary fsimet:tatior~ tube t o  cvo id  
p i ck ing  I J ~  any membrane o r  scum or1 i h e  nee+le. 
(3) I nse r t  ,:he end o f  the needle i n t c  the l i q u i d  i n  the tube 
t o  a depth o f  approximately 5.0 mm. 
(4) Streak the p la te  by br inging only the curved section 
o f  the needle i n  contact w i th  the agar surface, so that  
the l a t t e r  w i l l  not be scratched o r  torn. 
b. Incubate the p la te  (inverted, i f  w i th  glass cover) a t  3S°C 
O.S°C f o r  24 + 2 hours. 
c. In te rpre ta t ion  
The colonies developing on Endo o r  eosin methylene 
blue agar may be described as: 
(1) .Typical- nucleated, w i t h  o r  without me ta l l i c  sheen 
(2) Atypical- opaque, unnucleated mucoid a f t e r  24-hr incu- 
bation, pink 
(3) Negative- a l l  others 
I f  typ ica l  co l i form colonies have developed on the 
p la te  w i th in  the incubation per iod o f  24 2 hours, the 
resu l t  o f  the Confirmed Test may be considered posi t ive. 
I f  only atyp ica l  colonies have developed w i th in  24 
f 2 hours, the resu l t  cannot yet  be considered d e f i n i t e l y  
negative, because many co l i fo rm organisms f a i l  t o  form 
' I 
t yp ica l  colonies on Endo o r  eosin methylene blue plates, 
o r  the colonies develop slowly. I n  such a case i t  i s  
always necessary t o  complete the tes t  as d i rected i n  Sec. 
3 below. 
I f  no colonies, o r  only m c o l i f o r m t y p e  co imies ,  
have developed w i th in  24 t 2 hours, the resu l ts  o f  the 
Confirmed Test may be considered negative. 
C. Completed-test 
The Completed Test i s  used as the next step fol lowing the 
Confirmed Test. It may be applied t o  the b r i l l i a n t  green lactose 
b i l e  broth fermentation tubes showing gas i n  the Confirmed Test, 
o r  t o  typ ica l  o r  a typ ica l  colonies found on the plates o f  s o l i d  
d i f f e r e n t i a l  medium used f o r  the Confirmed Test. 
1. Procedure 
a. I f  the b r i l l i a n t  green lactose b i l e  broth tubes used f o r  
the Conf inned Test are t o  be employed f o r  the Completed 
Tests, streak one o r  more Endo o r  eosin methylene blue 
plates from each tube showing gas as soon as possible a f t e r  
the appearance o f  gas. Incubate the plates a t  3S°C f 0.5"C 
f o r  24 f 2 hours. 
b. From each o f  these plates, o r  from each o f  the plates used 
f o r  the Confirmed Test (Sec 2), take one o r  more typ ica l  
co l i fo rm colonies or, i f  no typ ica l  colonies are present, 
take two o r  more colonies considered most l i k e l y  t o  consist 
o f  organisms o f  the co l  i form group, t ransferr ing each 
t o  a 1 actose broth f e r men t a t i o n tube o r  a 1 auryl  
tryptose broth fermentation tube and t o  a nu t r i en t  agar 
s lant.  The use o f  a colony counter i s  recommended t o  pro- 
v ide optimum magnif ication t o  ass is t  i n  taking colonies 
from the plates o f  select ive medium. When t ransferr ing 
colonies, take care t o  choose, i f  possible, wel l - iso lated 
colonies separated by a t  least 0.5 cm from other colonies, 
and t o  touch barely the surface o f  the colony w i th  the 
needle i n  order t o  minimize the danger o f  t ransferr ing a 
mixed culture. The agar s lants and secondary broth tubes 
incubated a t  35°C f O.S°C f o r  24 2 2 o r  48 2 3 hours, and 
Gram-stained preparations (see Sec. 4) from those corres- 
ponding t o  the secondary lactose broth tubes that  show 
gas are examlr-o ~ i i c roscop ica l  l y .  
ln terpretat  ion 
The formation o f  gas i n  the secondary lactose broth tube 
and the demonstration o f  Gram-negative, nonspore-forming, rod- 
shaped bacter ia i n  the agar cu l tu re  may be considered a sat- 
isfactory Completed ~ e s  t , demonst r a t  ing the presence o f  a 
member o f  the co l i form group i n  the volume o f  sample examined. 
If, a f t e r  48 + 3 h-urs, gas i s  produced i n  the lactose 
and no spores on the slant,  the tes t  may be considered "completed" 
and the presence o f  co l i form organisms demonstrated. 
0. Gram s ta in  technique 
The Completed Test f o r  co l i form group organisms includes the 
determination o f  Gram-stain character is t ics  o f  the organisms iso- 
lated, as discuss5d above. 
According t o  the American Society for M~crobiology :
A word o f  caution i s  necessary as t o  the interpre- 
t a t i on  o f  the Gram stain.  The t es t  1s o f ten  regarded 
w i th  un jus t i f i ed  f i n a l i t y  because organfuas are generally 
described as being e i t he r  Gram-positive o r  Gram-negative. 
Many organisms , however, actua 1 1 y a re G ram-va r i ab 1 e. 
Hence, one should never give the Gram reaction o f  an 
unknown organism on the basis o f  a s ing le test .  He 
should repeat the procedure on cul tures having d i f f e r e n t  
ages and should use more than one sta in ing technique 
i n  order t o  determine the constancy o f  the organism 
toward the stain.  
There are a large var ie ty  o f  modif ications o f  the Gram sta in,  
many o f  which have been l i s t e d  by Hucker and Conn. The fol lowing 
modif icat ion by Hucker i s  valuable f o r  s ta in ing smears o f  pure 
cultures. 
1. Reagents 
a. Ammonium oxalate-crystal v i o l e t  
Dissolve 2 g c rys ta l  v i o l e t  (85 per cent dye content) 
I n  20 m l  95 per cent ethy l  alcohol; d issolve 0.2 g amnonium 
oxalate monohydrate i n  20 m l  d i s t i l l e d  water; mix the two 
solutions, o r d i n a r i l y  i n  equal parts. It i s  sometimes 
found, however, tha t  t h i s  gives so concentrated a s ta in  
tha t  Gram-negative organisms do not properly decolorize. 
To avoid t h i s  d i f f i c u l t y ,  the c rys ta l  v i o l e t  so lut ion may 
be d i l u ted  as much as ten times and the d i l u ted  so lut ion 
mixed w i t h  an equal quant i ty  of amnonium oxalate solution. 
b. Lugol's solution, Gram's modif fcat ion 
Dissolve 1 g iodine crysta ls  end 2 g potassium iodide 
i n  300 m l  d i s t l l  led water. 
c. Counterstain 
Dissolve'2.5 g safranin' dye in 10q m1 $5 p+r cent cQhyt 
a .  
, * 
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alcohol. Add 10 m l  o f  the a lcohol ic  so lut ion o f  safranin 
t o  100 m l  d i s t i l l e d  water. 
d. Ethyl alcohol 
95 per cent 
2. Procedure 
Stain the smear f o r  1 minute w i th  the ammonium oxalate- 
crysta l  v i o l e t  solution. Wash the s l i d e  i n  water; immerse i n  
Lugol 'ssolution f o r  1 minute. 
Wash the stained s l i d e  i n  water; b l o t  dry. Decolorize w i th  
ethy l  alcohol f o r  30 seconds, using gent le agi tat ion. B lot  and 
cover w i th  counterstain f o r  10 seconds; then wash, dry, and 
examine as usual. 
Cells which decolorize and accept the safranin s ta in  are 
Gram-negative. Cel ls which do not decolorize but r ~ t a i n  the 
crysta l  v i o l e t  s ta in  are Gram-posi t ive.  
Elevated temperature tests  f o r  the separation o f  organisms o f  
the co l i form group o f  fecal o r i g i n  from rhose derived from nonfecal 
sources have been used i n  many parts of the world and w i th  various 
modifications. Recent modif ications i n  technical procedures, 
standardization o f  methods, and deta i led studies o f  the col i form 
group found I n  varf ous warm-blooded animal feces compared w i th  the 
co l  i form group from other environmental sources have establ ished 
the value o f  elevated temperature confirmatory tes t  procedures 
t o  indicate the fecal o r  nonfecal o r i g i n  o f  the strains. The 
two fo l lowing procedures y i e l d  adequate information as t o  the 
fecal  o r  nonfecal source o f  the co l i f o rm  group when used as a 
confirmatory t es t  procedure. These procedures cannot be used i n  
the prlmary i s o l a t i o n  (presumptive t e s t  method) f o r  the co l  i fo rm 
group. Thcy are appl icable t o  a pos i t i ve  standard presumptive 
t es t  o r  co l i f o rm  colony from s o l i d  medium. 
Elevated temperature tes ts  f o r  d i f f e r e n t i a t i o n  o f  col i forms 
are appl fcable t o  evaluat ion o f  p o l l u t i o n  i n  raw water sources f o r  
treatment procedures, est imat ion o f  p o l l u t i o n  i n  streams and sur- 
face waters; i n te rp re ta t i on  o f  questionable co l i f o rm  data whlch 
has doubtfu l  s ign i f icance,  and f o r  special  invest igat ions.  It i s  
not recommended f o r  examination o f  untreated water supplies being 
considered f o r  potable water. 
1. Fecal co l  i fo rm t e s t  (EC medium) 
This procedure, used as described, may be expected t o  d i f -  
f e ren t i a te  between col i forms o f  feca l  o r i g i n  ( i n tes t i ne  o f  warm- 
blooded animal) and co l  i forms from other sources w i t h  a reason- 
ab le  accuracy. Use EC med ium as described under Media Speci- 
. f i ca t i ons ,  C, Sec. 10. ( I  
a. Procedure 
Inoculate a fermentation tube o f  medium w i t h  a 3 mm 
loop o f  b ro th  from a p o s i t i v e  presumptlve tube and Incubate 
I n  a water bath a t  44.5' f O.S°C f o r  24 hours. Cultures 
from se lec t i ve  medium ( b r i l l  i an t  green, b i l e  lactose broth, 
membrane f i l t e r  tes t ,  eosin methylene blue agar, etc.) 
should be inoculated i n  lactose broth (or laury l  tryptose 
broth) and incubated a t  3 5 O C  u n t i  1 gas i s  produced; then 
proceed w i th  inoculat ion o f  the EC fermentation tube. 
A l l  EC tubes must be placed i n  the water bath w i th in  30 
minutes a f t e r  planting. 
b. In terpretat ion 
Gas production i n  the fermentation tube w i th in  24 
hours o r  less i s  considered a pos i t i ve  reaction indicat ing 
fecal  o r i g in .  Tubes which i 3 i  1 t o  produce gas (growth 
sometimes occurs) are a negative reaction ind icat ing 
der ivat ion from a source other than the i n tes t i na l  t r a c t  
o f  warm-blooded animals. 
Fecal col  i form tes t  (bor ic ac id lactose broth) 
Boric ac id lactose broth se lec t ive ly  i n h i b i t s  essent ia l ly  
the same group o f  col i forms as the above described EC medium 
when used according t o  the provisions o f  the tes t  procedure 
and can be considered reasonably accurate. Use bor ic  ac id 
lactose broth as described under 'Media Specif ications, C,"S--bk-- 
a. Procedure 
lnoculate a fermentation tube o f  the medium with a 
3 loop of broth from a pos i t i ve  presumptive tube and 
incubate a t  43' % 0.5'C f o r  24-58 hours. Inoculate cu l -  
tures from select ive medium ( b r i l l i a n t  green b l l e  lactose 
broth, membrane f i l t e r  test ,  eosin methylene blue. agar, etc.) 
i n  lactose b ro th  (or  methylene blue agar, etc.) and 
incubat3 a t  3S°C unt i 1 gas i s  produced w i t h i n  48 hours; 
then proceed w i t h  inocu la t ion o f  the bo r i c  ac id  lactose 
broth  fermentation tube. A l l  tubes must be placed i n  
the water bath w i t h i n  30 minutes a f t e r  p lant ing.  
b. In te rp re ta t ion  
Gas production i n  the fermentation tube w i t h i n  48 hours 
i s  considered a pos i t i ve  react ion ind ica t ing  feca l  o r i g i n .  
Tubes which f a i  1 t o  produce gas (growth sometimes occurs) 
are a negative react ion ind ica t ing  der i va t ion  from a source 
other than the i n t e s t i n a l  t r a c t  o f  warm-blooded animals. 
V. APPLICATION OF TESTS TO ROUTINE EXAMINATIONS 
The fo l lowing basic considerations apply t o  the se lec t ion  o f  the 
Presumptive Test, the Confirmed Test, o r  the Completed Test i n  the 
examination o f  any given sample o f  water o r  wastewater. 
A. Presumptive t e s t  
1. Any sample o f  waste, sewage, sewage e f f l u e n t  (except c h l o r i -  
nated e f f l u e n t ) ,  o r  water known t o  be heav i ly  po l lu ted,  the 
f i t ness  o f  which f o r  use as d r ink ing  water i s  not under con- 
2. Any rout ine sample o f  raw water i n  a treatment p lant ,  provided 
records ind.icate the Presumptive Test Is not too inc lus ive  
f o r  the production o f  per t inen t  data. 
0. Conf i rmed t e s t  
The Confirmed Test should be applied in  tile watninatfon of :  
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1. Any water t o  which the Presumptive T e s t  i s  known, from pre- 
vious records, t o  be inapplicable. 
2. Routlne samples o f  dr inking water, water i n  process o f  t rea t -  
ment, and f in ished waters. 
3. Chlorinated sewage ef f luents.  
4. Bathing water. 
C. Completed tes t  
The Completed Test should be applied i n  the examination o f  wa- 
t e r  samples where the resul ts  are t o  be used f o r  the control  o f  the 
qua l i t y  o f  raw o r  f in ished waters; or, i f  not applied t o  a l l  samples, 
then t o  such a proport ion o f  them as t o  establ ish beyond reason- 
able douht the value o f  the Confirmed Test i n  determining the 
sanitary qua l i t y  o f  such water supplies. 
V I .  EST IMATION OF COLIFORM GROUP DENSITY 
A. Precision o f  fermentation tube tes t  
It i s  desirable t o  keep i n  mind the fac t  that,  unless a large 
number of port ions o f  sample are examined, the precis ion o f  the 
fermentation tube tes t  i s  rather low. For example, even when the 
sample contains one col i form organfsm per m i l l i l i t e r ,  about 37 
4 i 
per cent o f  1 m l  tubes may be expected t o  y i e l d  negative resul ts  
because of i r regu lar  d i s t r i b u t i o n  o f  the bacter ia I n  the sample. 
When f i v e  tubes, w i th  1 m l  o f  sample i n  each, are employed under 
these conditions, a completely negative resu l t  may be expected 
less.than 1 per cent o f  the time. 
Even when f i v e  fermentatloti tubes are employed, the precis ion 
of the resul ts  obtained i s  not o f  a high order. Consequently, 
great caution must be exercised when in terpret ing,  i n  terms o f  
sanitary slgnif lcance, the co l l form resul ts  obtained from the 
use o f  a few tubes w i th  each d i l u t i o n  o f  sample. 
B. Computing and recording o f  MPN 
The number of pos i t i ve  f indings o f  r c l i f o rm group organisms 
(e i ther  presumptive, confirmed, o r  completed) resul t ing from mul- 
t ip le -por t ion  decimal d i l u ~ i o n  plantings should be computed and 
recorded i n  terms o f  the "most probable number" (MPN) . The MPN 
f o r  a var ie ty  o f  plant ing series and resul ts  i s  given i n  Tables 
36 through 41. Included i n  these tables are the 95 per cent con- 
fidence l i m i t s  f o r  each MPN value determined. 
The quant i t ies indicated a t  the heads o f  the columns re la te  
more spec i f i ca l l y  t o  f in ished waters. The values may be used i n  
computing the MPN i n  larger o r  smaller por t ion plantings i n  the 
fol lowtng manner: i f  instead o f  port ions o f  10, 1.0, and 0.1 m l ,  
a combination o f  port ions o f  100, 10, and 1 m l  i s  used, the MPN 
i s  recorded as 0.1 times the value i n  the table. 
i f ,  on the other hand, a combination o f  corresponding port ions 
o f  1.0, 0.1, and 0.01 m l  i s  planted, record 10 times the value 
i n  the table; i f  a combination o f  part lons o f  0.1, 0.01, and 
0.001 m l  I s  planted, record 100 times the value i n  the table. 
When more than three d i l u t i & s  are employed i n  e decimal ser ies 
o f  d i lu t ions ,  the resul ts  from only three o f  these are ~ l g r ~ f f l c a n t .  
To select the three d i l u t i ons  t o  be employed i n  determlntng the 
MPN index, using the system o f  f i v e  tubes o f  each d i l u t i o n  as an 
example, the highest d i l u t i o n  which gives pos i t i ve  resul ts  i n  
a l l  o f  the f i v e  port ions tested (no lower d i l u t i o n  g iv ing  any 
negative resul ts)  and the two next succeeding higher d i l u t i ons  
should be chosen. The resul ts  o f  these thrae volumes should then 
be used i n  the computation o f  the MPN index. I n  the examples 
given below, the sigr ' f i c a n t  d i l u t i o n  resul ts  are shown i n  bold- 
fhce (the number i n  the numerator represents pos i t i ve  tubes; that 
i n  the denominator, the t o t a l  tubes planted) : 
I n  c, the f i r s t  three d i l u t i ons  should be taken, so as t o  
throw the po;itive resu l t  i n  the middle d i l u t i on .  
When a case such as shown below, in  d, arises, where a posi- 
t i v e  occurs i n  a d i l u t i o n  higher than the three chosen according 
t o  the resu l t  o f  the highest chosen d i  lu t ion,  making the resu l t  
read as i n  e: 
(d l  5/5 315 1 /5 115 
(el 5/5 3/5 215 0/5 
A desirable procedure f o r  obtaining a s ing le MPN value f o r  a 
series o f  samples i s  t o  express the resul ts  o f  the examination 
o f  each sample i n  terms o f  i t s  MPN value and s t r i k e  a geometric 
average o f  these values. I n  same instances, i t  may be advantageous 
to compute an a r i thmet ic  average o f  the resu l t s  o f  a ser ies o f  . 
samples i n  order t o  emphasize the s ign i f i cance  o f  a s i ng le  h igh 
HPN value. 
V I I .  TEST FOR PRESENCE OF ENTERIC VIRUSES I N  WATER AND WASTE WATER 
Routine examination o f  water and waste water f o r  en te r i c  v i ruses 
i s  not p rac t i ca l  a t  the present time. The term "enter ic  virus," as 
used herein, includes a l l  viruses known t o  be excreted i n  quan t i t y  i n  
the feces o f  man. The group includes the po l iov i ruses,  .the Cox- 
sackie viruses, the ECHO (enter i c  cytopathogenic human orphan) v i  r- 
uses, t h e  a d e n o v  i r u s e s  and the v i rus(es)  o f  in fec t ious  hepa t i t i s .  
The t o t a l  number o f  such v i ruses approaches 100, w i t h  new types being 
discovered cont inua l ly .  
The en te r i c  v i r us  group, i n  the broadest sense, could be u t i l i z e d  
as ind icators  o f  fecal po l l u t i on ,  inasmuch as most o f  them appear t o  " 
be in fec t ious  on ly  f o r  humans and are excreted i n  feces. However, 
i t  must be recognized t ha t  although near ly  everyone discharges c o l i -  
form bac te r ia  and streptococci  i n  feces, excret ion o f  en te r i c  viruses 
by apparently healthy persons i s  la rge ly  confined t o  ind iv idua ls  under 
15 yecrs o f  age. It has been ca lcu la ted tha t  the r e l a t i v e  en te r i c  
v i r us  densi ty t o  co l  i form dens! t y  i n  sewage i s  about 1 t o  65,000, a 
r a t i o  which makes co l i fo rm detect ion considerably easier than v i r us  
detection. Thus, viruses cannot a t  present be used as a measure o f  
water qua l i t y ,  because i t  i s  possible t o  have feca l  po l l u t i on ,  w i t h  
associated en ter ic  pathogenic bacteria, i n  the absence o f  viruses. 
However, i t  i s  a lso possible t o  have v i r a l  agents present i n  the ab- 
sence o f  bacter ia l  indicators o f  po l lu t ion ,  inasmuch as viruses and 
bacter ia react d i f f e r e n t l y  t o  various changes i n  t h e i r  environment. 
Because a1 1 o f  the en ter ic  viruses are discharged i n  quant i ty i n  
the feces o f  infected individuals, there i s  obvious opportunity f o r  
these agents t o  contaminate water sources. The detect ion o f  these 
agents i n  sewage o r  water thus becomes a matter o f  importance,and a 
number o f  techniques have been devised f o r  t h i s  purpose. A l l  o f  
these techniques have been developed w i t h  the primary object ive o f  
concentrating the viruses i n  sewage o r  water to\ po int  where they 
can be detected without tes t ing  impossibly large sample volumes. It 
i s  now we l l  documented that  the "swabt' technique o f  sample co l lec t ion  i s  
superior t o  the "grab sample" technique. Further concent r a t  ion o f  
the l i q u i d  expressed from the gauze swab i s  desirable. This can be 
accomplished by the res in o r  u l t racentr i fuge method. Available in fo r -  
mation indicates that  the u l t racentr i fuge method i s  superior and y ie lds  
a higher percentage o f  pos i t i ve  samples. 
The examination of sewage o r  water f o r  en ter ic  viruses i s  s t i l l  1 I 
la rgely  l im i ted  t o  spec i f i c  research problems. Although i t  i s  re la-  
t i v e l y  easy t o  obtain pos i t i ve  Isolat ions from sewage, pa r t i cu la r l y  
during l a t e  summer and ear ly  f a l l ,  i t  i s  usual ly d i f f i c u l t  t o  detect 
viruses I n  surface waters because o f  the d i l u t i o n  afforded any 
enter ing sewage. Detection o f  v i rus i n  these waters must await im-  
proved methods o f  concent r a t  ing small numbers o f  v i  ruses from 
r e l a t i v e l y  large volumes o f  water. 
The sani tary  and epidemiological s ign i f i cance  o f  en te r i c  v i ruses 
I n  water and sewage is'unknown. The mere presence o f  a v i r a l  agent 
i n  sewage does not necessari l y  mean tha t  a s i g n i f i c a n t  hea l th  hazard 
i s  present. A problem might be created on ly  when the densi ty o f  such 
agents became high enougk "or some t o  sur-vive whatever treatment might 
be appl ied t o  the sewage, so tha t  large numbers o f  v i ab le  organisms 
entered the receiv ing waters. These agents may ga in  access t o  the 
wftter supply o f  a community and, i f  they surv ive the treatment p r o c c s s , ~ ~  .
i n i t i a t e  an epidemic such as occurred w i t h  the v i r us  o f  in fec t ious  
hepa t i t i s .  From an epidemiological viewpoint, the q u a l i t a t i v e  demon- 
s t r a t i o n  o f  viruses i n  sewage could p a r t i a l l y  ind icate  the type o f  
i n f e c t i o ~ :  present i n  the community, not on ly  i n  an epidemic, but a lso  
i n  a surve i l lance program. 
Enter ic  viruses have not been demo!-strated i n  t reated urban water 
i n  the United States, e i t h e r  because they are not present o r  because 
current techniques are not s u f f i c i e n t l y  e f f i c i e n t  t o  detect  them. 
Epidemiological evidence a l s o i n d i c a t e s  t ha t  f u l l y  t reated water i s  
not now an important veh ic le  i n  the transmission o f  these agents. 
Increasing reuse o f  water may change t h i s  s i t u a t i o n  i n  the future.  
V I I I .  OTHER INFORMATION 
Laboratory apparatus, media (formulae and preparation) , a 1 ternate 
techniques, and i d e n t i f i c a t i o n  schema :Ire a l so  giver! i n  t h i s  chapter ( V I I )  
o f  Standard Methods f o r  the Examination o f  Water "nd Wastewater, 1965, 
12th Edi t ion,  American Publ ic  Health Association, New York, New York. 
HlCROBlOLOGlCAL REQUIREMENTS FOR SPACE FOOD PROTOTYPES 
i 
ADDENDUM NO. 1B 
1. . MtCROBIOLOGICAL SPECtFICATIONS 
Total Aerobic Plate Count Not Greater than 10,000/gm. 
Tota 1 Col i f  orm Count Not Greater than lO/gm. 
Fecal Coliform Count 
Fecal Streptococci Count 
Negative i n  1 gm. 
Not Greater than' 20/gm. 
Coagulase Posi t ive Staphylococci , Negative i n  5 grn. 
Salmonellae Negative i n  5 gm. 
I I. METHODOLOGY 
A. Preparation o f  s lu r r y  
1. Twenty-f ive (25) grams o f  the dehydrated sample are asept ica l ly  
transferred t o  a s t e r i l e  blendor cup. Add 100 m l  o f  c h i l l e d  
s t e r i l e  d i s t i l l e d  water and blend f o r  three (3) minutes.  h his 
s lu r r y  const i tutes a 1:s d i l u t i o n  and contains the equivalent o f  
. 0.2 gm food sample per ml .  Hereafter, t h i s  sha l l  be termed Extract 
2. Twenty-f i ve  (25) m l  a1 fquot o f  Extract A i s  transferred i n t o  a 
25 m l  chi  1 led S t e r i l e  Buffered Water Blank (SBW: PO4 MI15 pH 7.0), 
thoroughly mixed. (This mixture cons t i tutes a f i n a l  d l  l u t i o n  o f  
1:10 and contains the equivalent o f  0.1 gm, food sample per m l ,  
the 1 :I0 d i l u t i o n  sha l l  be termed Extract B.). 
3. Both extracts sha l l  be maintained a t  not greater than 4" u n t i l  
used a s  prescribed i n  the fo l lawing tests. 
B. Total Aerobic Plate Count 
1. Eleven (1 1) m l  a l iquot  o f  Extract B i s  transferred i n t o  a 99 m l  
SBW, giv ing a f i n a l  d i l u t i o n  o f  1:100. 
2. One (1) m l  al ' iquot o f  the 1:100 d i l u t i o n  i s  transferred i n t o  each 
o f  f i v e  (5) Petr I plates and poured w i t h  "Tryptone Glucose Yeast" 
agar. 
3. Plates are incubated a t  35 '~  and c ~ ~ n t e d  a f t e r  48 hours. 
4. The t o t a l  number o f  colonies on the f i v e  (5) plates sha l l  not 
exceed 500. 
C. Total Coli form Count 
1. One (1) m i  a l i quo t  o f  Extract B i s  transferred I n t o  each o f  ten (10) 
P e t r i  plates and poured w i t h  "Vio let  Red ~i le" agar (VRB) . 
2. So l i d i f i ed  plates are s t r a t i f i e d  w i t h  3 t o  4 m l  o f  &me agar. 
3. Plates are incubated a t  3S°C and typ ica l  co l i form colonies 
(dark red, 0.5 mn or  more I n  diameter) are counted a f t e r  18 t o  24 
hours . 
4. The to ta l  number o f  typ ica l  colonies on a l l  ten (10) plates sha l l  
const i tu te the ''Total Col i form Count" per 1.0 gm o f  t es t  food and 
sha l l  not exceed ten (10). 
D. Feca 1 Col i form Count 
1. From each typ ica l  VRB Colony (see para B) a transfer i s  made i n t o  
a Phenol Red Lactose Broth fermentation tube. 
2. Incubate a t  35 '~ f o r  18 t o  2;: hours. 
3. ~ r a n s f e r  2 loopfuls (3 nun diameter) o f  broth from each tube dis- 
playing acid i n t o  an "ECH broth fermentation tube. 
4. Incubate a t  45.5 2 0.2'~ f o r  18 t o  24 hours. Both temperature 
and time are c r i t i c a l  f o r  t h i s  d i f f e r e n t i a l  test. Hence, incuba- 
t i o n  sha l l  be carr ied out i n  a constant-temperature water bath, 
monitored w i th  a c e r t i f i e d  Bureau o f  Standards thermometer or 
equivalent. Incubation time sha l l  not exceed 24 hours. 81EC11 
tubes displaying gas production are considered pos i t i ve  f o r  
"Fecal Col i f  orms ." A s ing l  e "EC-pos i ti ve" colony sha I 1  cons t i tu  te  
reject ion. 
5. Where merited, the analyst may fur ther  confirm the EC-positive 
cu l ture for the Escherichia & type through the establishment o f  
t he i r  I M V i C  pat tern according t o  S t c  ndard Procedures. 
E, Fecal Streptococci Count 
1. One (1) m l  a1 iquot o f  Extract B i s  transferred i n t o  each o f  ten 
(10) Pe t r i  p lates and poured w i t h  "KF Streptococcus" agar. 
2. Plates are incubated a t  35OC and typ ica l  colonies (dark red or  
those having a red or p ink center, 0.3 t o  2 mn i n  diameter) are 
counted a f t e r  48 hours. 
3. The t o t a l  number o f  typ ica l  colonies on a l l  f i v e  IIKFrI plates sha l l  
cons t i tute the tlFecal Streptococci Countl1 per 1.0 gm tes t food and 
s ha 1 1 not exceed twenty (20) . 
4. Where merited, the analyst may fur ther  confirm the KF-posi t i v e  
colonies through the fo l lowing methods: 
a. Mlcroscopfc examinatlon 
b. Gram s t a i n  
.c. Catalase t e s t  
F. Coagulase Pos i t i ve  Staphylococci 
1. Transfer a 25 m l  a l i q u o t  o f  Ext ract  A i n t o  225 m l  o f  cooked meat 
medium w f  ~n ten percent (10%) NaCl . 
2. Incubate a t  3 5 ' ~  f o r  18 t o  24 hours. 
3. One-tenth (1/10) m l  a1 iquot  o f  cooked meat mediw i s  spread on 
each o f  f i v e  (5) p la tes o f  T e l l u r i t e  Glycine Agar. 
4. Plates are incubated a t  35Oc and examined f o r  t yp i ca l  staphylo- 
cocci  colonies (black) a t  the end o f  24 hours. 
5. From each t yp i ca l  colony an inoculum i s  streaked on a f i v e  percent 
(5%) "Sheep Blood" agar plate.  
6. Plates are incubated a t  35Oc and examined f o r  Beta-hemolysis a t  
the end o f  48 hours. 
7. Each Beta-hemolytic colony i s  examined f o r  coagulase a c t i v i t y  by 
the standard tube method. 
8. A s i ng le  coagulase p o s i t i v e  colony sha l l  const l  t u te  re ject ion.  
G. Salmonel lae 
-1. Transfer a 25 m l  a l i q u o t  o f  Ext ract  A i n t o  225 m l  o f  lactose broth. 
2. lncubate a t  3 5 ' ~  f o r  6 hours. 
3. Transfer a 25 m l  a l i quo t  of  lactose b ro th  i n t o  225 m l  o f  each o f  
Seleni te-Cystine and Tetrathionate broths. 
4. lncubate a t  35°C f o r  18 t o  24 hours. 
5. From each enrichment cu l ture ,  a loop fu l  i s  streaked on each of 
two (2) p la tes  o f  each o f  three (3) se lec t i ve  media: B r i l l i a n t  
Green (BG) agar, Bismuth Sul f  i t e  (BS) agar and Salmonellae-Shlgel- 
lae (SS) agar. I 
6 .  BG and BS p la tes are incubated f o r  24 hours and SS plates f o r  48 
hours a t  37'~. 
7. From each suspect colony on any of the p la tes an inoculum i s  
stabbed and streaked on "Tr ip le  Sugar Iron" agar (TSI) s lant ,  and 
streaked on "Chris tenson's Urea" agar (CU) s lant .  
8. Slants are incubated a t  3 7 ' ~  f o r  24 hours. 
9. CU s lan ts  are observed p e r i o d i c a l l y  f o r  4 t o  6 hours. I f  cu l t u re  
shws  a urea-pos i t i v e  reac t ion  (reddening o f  agar) the respect ive 
colony i s  Salmonellae negative and t e s t  i s  ended. Otherwise, 
s lan ts  are incubated f o r  the f u l l  24 hours. 
10. Pos i t i ve  TBI (Acld bu t t ,  a l ka l  ine slants, w i t h  and wi thout  gas 
and H ~ S )  associated w i t h  urea-negative reac t ion  sha l l  cons t i tu te  a 
p o s i t i v e  Salmonellae cu l ture .  
11. Transfers from p o s i t i v e  TSI s lan ts  are typed against  salmonellae 
poly-valent serum. Pos i t i ve  reac t ion  const i tu tes confirmed pre- 
sumptively post t i v e  salmonellae i n  the t e s t  sample. 
12. Presumptively p o s i t i v e  TSI s lants  are confirmed through react ion 
in  the fo l lowing: 
a. Lactose, sucrose, dul c i  to1 , manni to1 broths. 
b. .Lysine decarboxylase b ro th  
- c. KCN bro th  
d. lndole b ro th  
13. A s i ng le  confirmed p o s i t i v e  Salmonellae cu l t u re  sha l l  cons t i tu te  
re jec t ion .  
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TECHNIQUE FOR THE FLUORESCENT TREPONEMAL ANTIBODY- 
AB SORPT l ON (FTA-AB S) TE ST 
1 .  REAGENTS 
A. Antigen 
I. Fresh antigen ex t rac t  
Treponema pall idum, Nichols s t ra in ,  sha l l  be extracted 
from rabb i t  t e s t i c u l a r  t issue, i n  basal medium, as recom- 
mended f o r  the Treponema pal l idum Immobil izat ion (TPI) t es t .  
(See pages 71-74 o f  '~anual o f  Serologic Tests f o r  Syphilis': 
1964.) This suspension sha l l  contain approximately 50 
organisms per microscopic f i e l d ,  a t  a 450 X magni f icat ion,  
This i s  the antigen f o r  the FTA tes t  and may be stored, wi th-  
ou t  added preservative, a t  6' t o  lo°C. If antigen becomes 
b a c t e r i a l l y  contaminated, i t  sha l l  be discarded. 
Lyophi l ized antigen ex t rac t  
Antigen sha l l  be prepared as i n  1. This preparation 
1 
sha l l  be preserved by freeze-drying, reconst i tu ted w i t h  
s t e r i l e  d i s t i l l e d  water, according t o  d i rect ions,  and stored 
at  6: t o  10' C. A sa t i s fac to ry  reconst i tu ted ant,igen sha l l  
contain a minimum o f  30 organisms per h igh d ry  f i e l d  i n  the 
l i q u i d  state,  There sha l l  be s u f f i c i e n t  numbers o f  organisms 
remfn fng  on the s l i d e  a f t e r  s ta in ing  t o  enable one t o  read 
the tes t  w t  thout d i f f i c u l t y .  
',$al.t imore Biol Laboratory. 8.1 t lapre,' )Id. 21218, Oi fso ~ a b b r a t o r i e r ,  
Qetrof t, Hlch. 4 T'he Sylvsna Co., M i l  lburn, N. J, 
8. fTA-ABS t es t  sorbent2 
A stardardized ex t rac t  of  the nonpathogenic Re i te r  treponeme 
contain ing group treponemal antigens sha l l  be used. 
1 .  Lyoph i 1 i zed sorbent 
l yoph i l i zed  sorbent sha l l  be rehydrated w i t h  d i s t i l l e d  
water according t o  t h t  accompanying d i rec t ions .  
2. Stock sorbent 
Stock sorbent sha l l  be stored i n  convenient quan t i t i e s  a t  
-20° C.  When thawed f o r  use, i t  can be stored a t  6" t o  lo0 C 
f o r  a per iod o f  one week. 
3 C .  Fluorescein-labeled antihuman g lobu l i n  (conjugate) o f  proven 
qua l i t y .  Stock conjugate sha l l  be stored i n  convenient quan t i t i es  
a t  -20° C. When thawed f o r  use, i t sha l l  not  be refrozen but  stored 
a t  6' t o  lo0 C f o r  a per iod o f  one week. 
4 ! b. Phosphate buf fered sal  ine 
Formula per 1 i ter :  
...................................... NaCl 7.65 g 
Na2HP04 ................................... 0.724 g 
* ~ i f c o  ~aborator ie ,s ,  De t ro i t ,  Kich. 48201. 
3 ~ a l r i m o r e  B i o ~ o g i c a l  Laboratory, Baltimore, tld. 21218, Di fco Laborator i e r ,  
De t ro i t ,  Mich. 48201, and The Sylvana Co., M i  1 lburn, N.J. 
b i f c o  Laboratories, De t ro i t ,  Mich. 48201 (Bacto Hemagglutination Buffer 
No. 0512). 
This so lu t ion  y ie lds  pH meter readings of pH 7.2 ? 0.10. I t  
sha l l  be stored i n  a large polyethylene b o t t l e .  
E.  ween-805 
A so lu t ion  o f  2-percent Tween-80 i n  phosphate buf fered sal  ine 
sha l l  be prepared by heat ing the two reagents i n  a 56' C water 
bath. Measuring from the bottom of  a p ipe t te ,  add 2 m l  o f  Tween-80 
t o  98 m l  sa l ine and r i nse  out '  the p i p e t t e  i n  the so lu t ion.  This 
so lu t ion  keeps we l l  a t  r e f r i g e r a t o r  temperature but should be 
discarded i f  a p r e c i p i t a t e  develops. 
r .  Themounting medium sha l l  cons is t  o f  1 p a r t  buf fered sa l ine  p lus  
9 pa r t s  g lycer ine (reagent qua1 i ty)  . 
G. A.C.S. acetone sha l l  be used. 
.I I. PRELIMINARY TESTING 
A. Prel iminary Testing o f  Treponema Pall idum Antigen Suspension 
1. The antigen suspension sha l l  be wel l  mixed w i t h  a disposable p i pe t t e  
and rubber bulb, drawing the suspension i n t o  and expe l l i ng  from the 
p i pe t t e  8 t o  10 times, t o  break the treponemal clumps and insure an even 
d i s t r i b u t i o n  o f  treponemes. I t  sha l l  be determined by darkf  i e l d  examination 
tha t  the treponemes are adequately dispersed before making s l ides  f o r  
FTA test .  Addi t ional  mix ing may be required. 
3; 2. A new l o t  o f  antigen sha l l  be compared w i t h  an antigen o f  known 
r e a c t i v i t y  before being incorporated i n t o  the regul ar  t es t  procedure. 
Comparable t es t  r esu l t s  sha l l  be obtained on con t ro l  serums and ind iv idua l  
seruns o f  graded r e a c t i v i t y .  (See Controls, p a r t  1 ~ )  
. 0. G i lman, I nc., 627 Pennsylvania Ave. , N. W., Washington, D.C. 
"some antigens sa t i s fac to ry  f o r  use i n  the FTA-200 t es t  are not  su i t ab le  
for  use i n  the FTA-ABS tes t .  
3. A sat is factory antigen preparation shal l  no t  s ta in  d i r e c t l y  or  non- 
spec i f i ca l l y  w i th  a known conjugate a t  i t s  established t i t e r .  
0. Prel iminary Testing o f  FTA-ABS Test Sorbent 
I .  - A  new l o t  o f  sorbent shel l  be compared wi th  a sorbent o f  known ac t iv -  
i t y  before being incorporated i n to  the regular tes t  procedure. 
a. Testing sha l l  be performed using contro l  serums, indiv idual serums 
o f  graded reactivity,and nonsyph i l i t i c  serums demonstrating non- 
spec i f i c  r e a c t i v i t y  (group antibody). 
b. Comparable tes t  resu l ts  shal l  be obtained w i th  both sorbents. 
c. Nonspecific s ta in ing contro ls  a. and b. shal l  be Nonreactive. 
(See Controls, pa r t  I V )  
C .  Prel iminary Test ing o f  Fluorescein-Labeled Antihuman Globul i n  
1. The t i t e r  o f  each new l o t  o f  conjugate shal l  be determined, using the 
pa r t i cu la r  dark f ie ld  fluorescence microscope assembly available, before 
being used i n  rout ine test ing. 
2. The fo l lowing d i l u t i ons  o f  the unknown conjugate i n  phosphate buffered 
sal ine conta in ing 2-percent Tween-80 shal l  be prepared: 
1:10, 1:20, 1:40, 1:80, 1:160 
Higher d i l u t i ons  may be prepared i f  necessary. : I  
3 .  Each conjugate d i l u t i o n  shal l  be tested w i t h  a Reactive (k)  control  
serum. 
4. A nonspecific s ta in ing control  shal l  be run w i th  undiluted and each 
d i l u t i o n  o f  unknown conjugate. (See Controls, part IV ,  step 4a.) 
5. A known conjugate, a t  i t s  t i ter ,  shal l  be set up a t  the same time w i t h  
the Reactive (4+) control  serum, a Reac t i ve  (2+) contro l  serum, and 
nonspecific staining contro l .  4 
6.  The t i t e r  o f  the conjugate selected f o r  usz shal l  be that d i  l u t i o n  which 
t + 
Example o f  t i t r a t i o n  o f  unknown conjugate 
*@ 
i s  one doubling d i l u t i o n  lower than the highest di lut i 'on g iv ing maximum 
fluorescence (4+). I n  the d i l u t i o n  selected f o r  use i t  i s  1:40. 
7. A' sat isfactory conjugate shal l  not s ta in  an antigen o f  known qua1 i t y  
d i r e c t l y  o r  nonspeci f ical ly a t  a d i l u t i o n  o f  1:10 o r  higher and, when 
undiluted, should not show more th3n a * in tens i ty  o f  fluorescence. 
8. Each new l o t  o f  conjugate shal l  be tested i n  pa ra l l e l  w i th  a known 
conjugate before being incorporated i n to  the regular test  procedure. 
Testing shal l  be performed using control  serums and indiv idual serums 
o f  graded reac t i v i t y .  Comparable test  resu l ts  shal l  be obtained w i th  
both conjugates. 
Nonspec i f  i c 
staining 
control  
React ive (k) 
control  
serum 
4+ 
k 
4+ 
k 
k 
k 
2+ 
Known conjugate 
t i t e r  'l:40 
h 
Unknown conjugate 
d i l u t  ion: 
und i lu ted 
1:lO 
1 :20 
1 :40 
1 :80 
1:160 
React i ve (2+) 
con t ro 1 
serum 
2+ - 
- t o  & 
- 
- 
- 
- 
- 
I l l .  PREPARATION OF SERUMS 
Note: Bacterial contamination or excessive hemolysis may render 'specimens. 
unsat isfactor, for testing. 
A. Test and control serums shall be heated at 56' C for 30 minutes before 
being tested . 
B. Previously heated serums shall be reheated for 10 minutes at 56O C on 
the day of testing. 
I V .  CdNTROtS 
Control serums shall be used and storea according to directions. The 
undiluted serum shall be heated. The following controls must be included 
in each test run and shall be performed in duplicate: 
A. Reactive (4+) control: 
6 Reactive serum or a dilution of Reactive serum demonstrating 
strong (4+) fluorescence when diluted 1:s in saline and only sl ightly 
reduced fluorescence when diluted 1:s in sorbent shall be used. 
1. Using a 0.2 ml pipette, measuring from the bottom, 0.05 ml of 
Reactive control serum shall be added to a tube containing 0.2 ml 
of phosphate buffered saline. This shall be mixed well (at least 
8 .  times) . 
2. Using a 0.2 ml pipette, measuving from the bottom, 0.05 ml of 
Reactive coctrol serum shall be added to a tube containing 0.2 ml 
of sorbent. This shall be mixed we1 1 (at least 8 times). 
B. Reactive (2+) control: 
6 A dilution of Reactive serum demonstrating 2+ fluorescence shall 
t imore El iological Laboratory, Bal t imore, Md. 21218, Difco Laboratories. 
Detroit, Mich. 48201, and The Sylvana Co., Millburn, N.J. 
be used. 
Reactive serum sha l l  be d i l u t e d  i n  phosphate buf fered sa l ine  
according t o  prev ious ly  determined. d i l u t i o n  fac to r .  
Nonspecif ic 'serum controls:  
A nonsyph i l i t i c  serum known t o  demonstrate a t  least  2+ nonspeci f ic  
r e a c t i v i t y  i n  the FTA tes t  a t  a d i l u t i o n  i n  sa l ine  o f  1:s o r  higher 
- h a l l  be used. 
Using a 0.2 m l  p ipe t te ,  rileasuring from the bottom, 0.05 m i  o f  
nonspeci f ic  serum sha l l  be added t o  a tube containing 0.2 m l  of 
phosphate buf fered sal ine.  The so lu t ion  sha l l  be mixed we l l  (a t  
leas t  8 times) . 
b. Nonspecific s ta in ing  controls:  
1. Antigen smear t reated w i t h  0.03 m l  sa l ine  fo l lowed by d i l u t e d  
conjugate sha l l  be used as a con t ro l .  
2. Antigen smear t reated w i t h  0.03 m l  o f  sorbent fo l lowed by d i l u t e d  
conjugate sha l l  be used as a cont ro l .  
Note: Controls # I ,  #3,  and #4 are included f o r  the purpose o f  c o n t r o l l i n g  
reagents and tes t  condi t ions. Control #2 ( react ive (2+) cont ro l  
t 
serum) i s  included as the reading standard. 
V. TESTING 
A.Fluorescent Treponemal Antibody-Absorption (FTA-ABS) Test w i t h  Serum 
1.  On clean s l  ides, two c i r c l e s  1 cm i n  diameter sha l l  be cut.7 Sl ides 
sha l l  be wiped w i t h  clean gauze t o  remove loose glass p a r t i c l e s .  
2. 0.005 m l  o r  one loopfu l  of Treponema pal l idum antigen sha l l  be smeared 
evenly w i t h i n  each c i r c l e ,  using a standard 2-mm, 26-gage, p lat inum 0 
footnote 2, page 2 
wire loop. These sha l l  be a i r  dr ied a t  leas t  15 minutes. 
3 .  $1 ides sha l l  be immersed i n  o r  covered w i t h  acetone8 f o r  10 minutes, 
removed and allowed t o  dry throughly. Acetone-treated s l ides  may 
be stored a t  -20' C. These f i x e d  s l ides  are usable i n d e f i n i t e l y ,  
provided sa t i s fac to ry  resu l t s  are obtained w i t h  con t ro l? .  
4. Sl ides sha l l  be i d e n t i f i e d  by numbering the f ros ted  end w i t h  a lead 
penc i l ,  using a separate s l i d e  f o r  each con t ro l  and each serum. 
5 .  12 x 75 mn tes t  tubes sha l l  be arranged i n  wi re  racks so tha t  there 
i s  one tube f o r  each serum t o  be tested, p lus  the Reactive (2+) 
cont ro l ,  and two tubes each f o r  the Reactive (4+) cont ro l  and non- 
spec i f i c  cont ro l  serum. The tubes sha l l  be numbered t o  correspond 
t o  the serums and cont ro l  serums being tested. 
6 .  Reactive (4+), Reactive (2+), and nonspeci f ic  con t ro l  serum d i l u t i o n s  
sha l l  be made i n  sa l  ine and/or sorbent according t o  the direct ions(see 
Controls, pa r t  IV ) .  
7. For each tes t  serum, 0.2 m l  o f  sorbent sha l l  be p ipe t ted  i n t o  a 
t e s t  tube. 
8. Using a 0.2 m l  p ipe t te ,  measuring from the bottom, 0.05 m i  of the 
heated t es t  serum sha l l  be added t o  the appropriate tube and 
immediately mixed 8 times w i t h  the same p ipe t te .  This i s  a 1:s serum 
d i l u t i o n .  
. 
9 .  A f t e r  preparing the serum d i l u t i o n s ,  not  more than 30 minutes sha l l  
elapse before the tes ts  are set up. If i t  i s  necessary t o  t e s t  o r  
8 I t  i s  recommended that  no more than 50 s l ides  be used w i t h  200 m l  o f  
ace tone. 
repeat a specimen a f t e r  t h i s  per iod,  a new serum d i l u t i o n  sha i l  be 
prepared. 
The appropriate antigen s l i des  sha l l  be covered w i t h  0.03 m l  o f  the 
1:s t es t  serum d i l u t i o n s .  Each serum sha l l  be tested s i ng l y  o r  i n  
dup l ica te  on a s ing le  s l i de .  
The appropriate antigen s l i des  sha l l  be covered w i t h  0.03 m l  o f  the 
Reactive (4+), React i ve (2+), and nonspecif ic c a t  r o l  serum d i 1 u t ions. 
The appropriate antigen s l i des  sha l l  be covered w i t h  0.03 m l  o f  the 
sa l ine  and sorbent f o r  "Nonspecific s ta in ing  con t ro ls  a. and b." 
Evaporation o f  serum d i l u t i o n s  sha l l  be prevented by p lac ing  s l  ides 
w i t h i n  a moist chamber. 
S l  ides sha l l  be placed i n  an incubator a t  35O t o  37' C f o r  30 minutes. 
Rinsing procedure: 
a. S l  ides sha l l  be r insed w i t h  running buf fered sal ine f o r  approxi- 
mate 1 y f i ve seconds. 
I 
b. They sha l l  be soaked i n  two changes o f  buffered sa l ine  f o r  a t o t a l  
o f  10 minutes. At  the end o f  each 5 minute soaking period, the 
- s l i des  sha l l  be r insed by dipping them i n  and out  o f  the buffered 
sa l ine  30 times. 
c. This sha l l  be fo l lowed w i t h  a b r i e f  r i nse  df running d i s t i l l e d  
water t o  remove the s a l t  c r ys ta l s .  
The s l  ides sha l l  be gent ly  b l o t t e d  w i t h  bibulous paper t o  remove a1 1 
water drops. 
Just  p r i o r  t o  use, the conjugate sha l l  be d i l u t e d  t o  i t s  working t i t e r  
i n  phosphate buf fered sal  i ne contain i ng 2-percent Tween-80. 
18. Approximately 0.03 m l  o f  dil;+ed conjugate s h a l l  be p laced on each 
smear. 
19. Steps 13, 14, I S ,  and 16 s h a l l  be repeated. 
20. A very  small drop o f  mounting medium s h a l l  be p laced on each smear and 
a cover s l i p  appl ied.  
21. Sl ides  s h a l l  be examined immediately t o  o b t a i n  opt imal  r e s u l t s .  I f  
a de lay  i n  reading i s  necessary, s l i d e s  s h a l l  be p laced i n  a darkened 
room and read w i t h i n  two hours. 
22. Smears s h a l l  be s tud ied  m ic roscop ica l l y ,  us ing an u l t r a v i o l e t  l i g h t  
source and a h igh  power d r y  o b j e c t i v e .  The t o t a l  m a g n i f i c a t i o n  s h a l l  
approximate 450X, A combinat ion o f  BG 12 (pr imary f i l t e r )  and OG 1 
(secondary f i l t e r )  has been found t o  be sat  i s f a c t o r y  f o r  r o u t i n e  use. 
23. Nonreact ive smears s h a l l  be checked us ing i 1 luminat i on  from a tungsten 
l i g h t  source i n  order  t o  v e r i f y  the presence o f  treponemes. 
24. The i n t e n s i t y  o f  f luorescence o f  the treponemes s h a l l  be recorded 
according t o  the  c h a r t  1 i s t e d  below, us ing  the  React ive (2+) c o n t r o l  
s l i d e  as the reading standard: 
Read i n q  Report 
4+ Very s t r o n g l y  f l uo rescen t  React ive (R) 
3+ Strong1 y f 1 uorescen t React ive (R) 
' I  
2+ Moderately f l uo rescen t  React ive (R) 
1 + Weakly f luorescent  React ive (R) 
+ 
- to  , Vaguely v i s i b l e  Non reac t i ve (N) 
Resdings o f  1+ o r  more s h a l l  be reported as Rcact ive; l ess  than 
I +  s h a l l  be reported as Nonreact ive. 
Notc: A l l  border l ine react ions (minimal 1+ t o  f), where there i s  doubt 
regarding i n tens i t y  o f  fluorescence, sha l l  be v e r i f i e d  by repeat 
t es t i ng  before the r e s u l t  i s  reported. 
*Reactions read as less than the Reactive (2+) con t ro l  but exh ib i t i ng  def i- 
n i t e  fluorescence. 
Control Pat tern  I l l u s t r a t i o n  
React ion '  
Reactive con t ro l :  
a. 1 :S sal  ine d i  l u t  ion R 4+ 
b. 1:s sorbent d i l u t i o n  R 
React i ve (2+) con t r o  1 R 2+ 
Nonspecif ic serum cont ro ls :  
a. 1:s sa l ine  d i l u t i o n  R (2+ - 4+] 
b. 1:s sorbent d i l u t i o n  N 
Nonspecif ic s ta in ing  cont ro ls :  
a. Antigen, sal ine,  and conjugate N 
b. Antigen, sorbent, and conjugate N 
Test runs i n  which the above con t ro l  r esu l t s  are not  obtained sha l l  be 
considered unsat is fac tory  and sha l l  not  be reported. 
! 
Note: Output o f  the u l t r a v i o l e t  l i g h t  source sha l l  be checked a t  the time 
a new bu lb  i s  put  i n t o  use. A rout ine check each time the lamp i s  
used w i l l  ind icate  any decrease i n  l i g h t  i n t ens i t y .  A Weston Master 
No. 3 o r  No. 4 photoe lec t r i c  exposure meter sha l l  be used t o  deter-  
mine the l i g h t  i n t ens i t y  a t ,  o r  immediately below, the microscope 
stage leve l ,  w i t h  the primary f i l t e r  i n  place. 
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MEDIA FOR CULTURING BACTERIA 
CREW AND ENVIRONMENT 
PR IMARY CULTUR ING MED lA 
Yame: Blood Agar P la te  1 .  -
Purpose: Cu l t i va te  fas t id ious  microorganisms 
Comments: Use r a b b i t ' s  blood,not sheep's blood, f o r  primary cu l t u r i ng .  
Incubate a t  3S°C i f  using blood p l a t e  f o r  secondary cu l t u r i ng ,  
and i f  looking f o r  hemolysis use sheep's blood. 
Reference: D i f co  Manual (9 th  Ed.), page 80. 
Name: G a l l ' s  Medium 2 -  -
Purpose: Anaerobic c u l t u r i n g  
Comments: Th iog lyco l la te  medium i s  usual ly  used rou t i r te l y  f o r  the i s o l a t i o n  
nf anaerobes. National I n s t i t u t e s  o f  Health recommends th iog lyco l -  
l a t e  t r o t h  wi thout  ind ica to r .  
Reference: D i f co  Manual (9th Ed.), page 195. 
3. Name: Loe f f l e r  Blood Serum Agar 
Purpose: L c a f f l e r  Blood Serum i s  employed i n  the c u l t u r a l  diagnosis o f  
d iphther ia .  The growth o f  d iph ther ia  b a c i l l i  i s  st imulated and 
other  th roa t  organisms are i nh ib i t ed  by t h i s  medium. 
Conknents: Needs special handl ing t o  s t e r i l i z e  medium. Th is  i s  a d i f f i c u l t  
medium to  prepare proper ly .  CDC i s  now using Tinsdale (Di fco 
Suppl. L i t . ,  Sept., 1966, page 316). No whole egg i n  D i f co 's  
:oeff;er ls Medium (Difco Manual, 9 t h  Ed., page 128). 
Reference: BBL Catalog, page 65. 
4. Name: Mac Conkey Agar 
Purvose: Primary d i f f e r e n t i a l  p l a t i n g  media f o r  co l i fo rms.  
Comments: None 
Reference: D i f co  Manual (9 th  Ed.), pages 131-132. 
5.  Name: Mannitol Sa l t  Agar 
Purpose: I so l a t i on  and i d e n t i f i c a t i o n  o f  staphylococci.  
Comnents: Recommended incubat ion 36 hours. USPH uses TPEY medium o r  TPEL 
enrichment medium. D i f co  Suppl. L i t . ,  Sept., 1966, pages j45-346. 
Reference: D i f co  Manual (9 th  Ed.), page 150. 
6. Name: M i t i s -Sa l i va r ius  Agar 
Purpose: The detect ion of 2. mitis,S. sa l i va r ius ,  and enterococci.  Incubate 
exac t l y  24 hours a t  350C. , 
Comments: An a1 ternate medium i s  KF Streptococcus b ro th  as recommended by 
D i f co  Suppl. L i t . ,  Sept., 1966, page 149. 
Rcference: D i f co  Manual (9 th  Ed.), pages 154-155. 
7. Name: Phenylethyl Alcohol Agar 
-
Purpose: PEA i s  a se lec t i ve  medium f o r  the i s o l a t i o n  of staphylococci and 
streptococci  from specimens a lso contain ing gram negative organisms 
such as Proteus and Escherichia. 
Comments: This medium i s  now c a l l e d  rhenyl-ethanol agar. The type o f  blood 
i s  not  speci f ied i n  D i f co  - r a b b i t ' s  blood o r  primate i s o l a t i o n  
suggested. Select ive f o r  Staphylococci and Streptococci from 
specimens a lso contain ing gram negative organisms such as Proteus 
and E. c o l i .  TPEY medium can a lso be used i n  con juct ion w i t h  th i s  
medium. 
Reference: D i f co  Suppl . L i t . , Sept . , 1966, pages 250, 345-346. 
8. Name: Phytone Yeast Ex t rac t  
Pur~ose :  For the i s o l a t i o n  o f  dermatophytes,especially L. verrucosum,from 
human and animal specimens. 
Comments: Mycobiot ic agar o r  b ra i n  heart  medium w i t h  cyclohexamine and 
chloroamphenicol i s  recommended as a subs t i tu te  by Difco. CDC 
suggests modified Satouraud's Medium. Brooks A i r  Force persor~nel 
suggestsPagano Levin Agar for  yeast cu l ture .  
Reference: BBL Catalog, D i f co  Sup- I l t . ,  Sept., 1966, page 232. 
SECONDARY CULTURING MEDIA  
1. Name: Andrade's fermentat ion b ro th  base . 
Purpose: Fermentation studies f o r  c u l t u r a l  i d e n t i f i c a t i o n  o f  pure cu l tu res  
of  microorganisms. 
Corrments: Replaces the o l d  phenol red b ro th  base and is more sens i t ive  than 
these tes ts .  I s  recommended by the CDC and used i n  a1 1 pub1 i c  
hea l th  laborator ies .  The formula i s  given i n  the appendix. 
Reference: Ewing, W.H. 1962, Enterobacteriaceae, Biochemical methods f o r  
group d i f f e r e n t i a t i o n .  U.S. Dept. Health, Educ. & Welfare, P.H.S. 
C.D.C. Publ i c a t i o n  #734. 
2. Name: G a l l ' s  Gela t in  
Purpose: The use o f  g e l a t i n  i n  cu l t u re  media f o r  studies o r  ge la t i no l ys i s  
(e laborat ion o f  g e l a t i n o l y t i c  enzymes) by bacter ia .  
Comments: None 
Reference: None 
3. Name: Litmus M i l k  
Purpose: Litmus m i l k  i s  recornended f o r  propagating and car ry ing  stock 
cu l tu res  o f  the l a c t i c  ac id  bac te r ia  and a lso f o r  determining 
the ac t ion  o f  bac te r ia  upon m i l k .  
Comments: None 
Reference: D i f co  Manual (9 th  Ed.), page 192. 
4. Name: - He thy1 Red-Voges Proskauer Broth (MRVP) 
Purpose: Par t  o f  I M V l C  schema f o r  i den t i f y i ng  Enterobacteriaceae. 
Comnen t s  : , None 
Reference: Methyl Red Broth-P.R. Edwards and W.H. Ewing, I d e n t i f i c a t i o n  
of Enterobacteriaceae, Burgess Pub. Col, Minneapolis, Minn., 
1962, pages 248-249. Vogues Proskauer Broth, Ib id ,  page 256. 
5. Name: N l t r a t e  Broth 
Purpose: Part  o f  I M V l C  schema f o r  i den t i f y i ng  Enterobacteriaceae. 
Comments: I f  ,the organism i s  a rap id  grower, may have t o  read the t es t  
e a r l i e r  than 48 hours. 
Reference: D i fco Manual (9 th  Ed.), pages 184-185. 
6. Name : Phenylalanine 
Purpose: Part o f  I M V I C  schema f o r  i d e n t i f y i n g  Enterobacteriaceae. 
Corrments: P a r t i c u l a r l y  used f o r  i d e n t i f y i n g  the Proteus group. Phenyla- 
lanine-Malonate Broth. D i fco Suppl. L i t . ,  Sept., 1966, page 
250. Also recommended t o  be used concurrent ly as more complete 
d i f f e r e n t i a t i o n  can be obtained. 
Reference: D i fco Suppl. L i t . ,  Sept., 1966, page 249. 
Name: Potassium Cyanide Broth Base 7.  -
Purpose: KCN bro th  base i s  recommended f o r  the d i f f e r e n t i a t i o n  o f  Entero- 
bacteriaceae, p a r t i c u l a r l y  to  separate the Salmonellae from the 
Bethesda-Bal lerup group and t o  d i s t i ngu i sh  the K lebs ie l  l a  from 
Escherichia - c o l i . Moel ler  showed tha t  media contain ing potassium 
cyanide permit ted d i f f e r e n t i a l  growth o f  Enterobacteriaceae. 
E. c o l i ,  Salmonella and Shige l la  were i nh ib i t ed  i n  the medium wh i le  
- -  
members o f  the K lebs ie l la ,  Bethesda-Ballerup and Proteus groups 
grew unres t r i c ted ly .  &. f r eund i i  a lso grew i n  the medium. 
Comments: SPECIAL PRECAUTION I N  MAKING MEDIUM: Cool s t e r i l e  (autoclaved) 
base below 20'~. Dissolve 0.5 g KCN i n  100 m l  s t e r i l e  co ld  
(below 200C) d i s t i l l e d  H20. Add 15 m l  o f  this/1000 m l  base. 
Extreme caut ion should be taken when handl inq potassium cyanide. 
Use s t e r i l e  para f f i ned  stoppers o r  screw capped tubes. Quick ly  
stopper tubes a f t e r  inocu la t ion.  Ewing, Davis and Edwards 
recommend dicarboxylase d - i f f e ren t i a l  media (Di fco Suppl. L i t . ,  
Sept . , 1966, pages 75-76) . 
Reference: D i f co  Suppl. L i t . ,  Sept., 1966, page 148. 
CARBOHYDRATE FERMENTAT1 ON TESTS 
Andradels Fermentation Broth Base 
(glucose, lactose, sucrose, mannitol, d u l c i t o l ,  sa l i c i n ,  adoni to l ,  
i n o  s i  t o l ) .  
Peptone . . . . . . . . . . . . .  10 gm 
Heat ex t rac t  . . . . . . . . . .  3 gm 
Sodium ch lo r ide  . . . . . . . . .  5 9'" 
Andradels i n d i c a t o r .  . . . . .  , 10ml  
D i s t i l l e d  water. . . . . . . . .  1000 m l  
Adjust react ion t o  pH 7.1 t o  7.2. Tube w i t h  inverted i nse r t  tubes 
and s t e r i l i z e  a t  121°c f o r  I S  minutes. 
Glucose, lactose, sucrose, and mannitol are employed i n  a f i n a l  concen- 
t r a t i o n  o f  1 percent by the author. Other carbohydrates such as d u l c i t o l ,  
s a l i c i n ,  etc., are used i n  a. f i na l - concen t ra t i on  o f  0.5 percent. Glucose, 
mannitol, d u l c i t o l ,  sa l i c i n ,  adoni to l ,  and i n o s i t o l  may be added t o  the basal 
medium p r i o r  t o  s t e r i l i z a t i o n .  Disaccharides such as lactose and sucrose (10 
percent so lu t ion  i n  d i s t i l l e d  water) should be s t e r i l  ized by f i l t r a t i o n  o r  a t  
121°c for 10 minutes and added t o  previously s t e r i l i z e d  basal medium. 
Inoculat ion:  
Inoculate l i g h t l y  from a young (18-20 hours incubation) agar s lant  cu l ture .  
Incubation: 
37OC. Examine d a i l y  f o r  4 o r  5 days. 
Note ac id  product ion and the volume o f  gcs produced by aerogenic cul tures.  
Negative t es t s  should be observed a t  regular i n te r va l s  f o r  a t o t a l  o f  30 days. 
Andrade's Ind icator  
. . . . . . . . .  D i s t i l l e d  water 100 m l  
Acid fuchsin . . . . . . . . . .  0.5  gm 
. . . . . .  Sodiumhydroxide (IN) 16 m l  
The fuchsin i s  dissolved i n  the d i s t i l l e d  water and the sodium hydroxide 
i s  added. If, a f t e r  several hours, the fuchsin i s  not  s u f f i c i e n t l y  decolorized, 
add an addit ional l o r  2 m l  of a l k a l i .  The dye content o f  d i f f e r e n t  samples of 
ac id  fuchsin learies q u i t e  widely and the amount o f  a l k a l i  which should be used 
'w i th  any p a r t i c u l a r  sample usual ly  i s  spec i f ied on the label .  The reagent 
improves somewhat'on aging and should be prepared i n  s u f f i c i e n t l y  large amounts 
t o  l a s t  f o r  several years. The ind icator  i s  used i n  amount o f  10 ml per l i t e r  
o f  med i um . 
Reference : 
Ewing, W.H., 1962, Enterobacteriaceae. Biochemical Methods f o r  Group 
D i f fe ren t ia t ion ,  U.S. Dept. H.E.W. PHs, CDC, Publ icat ion #734. 
ADD l TlONAL TESTS 
Name: B i l e  S o l u b i l i t y  Test 1. -
Purpose: To i d e n t i f y  pneumococci. 
Comments: Uses a few drops o f  10"/, so lu t ion  o f  sodium desoxycholate o r  
sodium taurocholate added t o  cu l t u re  i n  broth.  
Reference: - W.R. Bai ley and E.G. Scott, Diagnostic Microbiology, 2nd 
Edi t ion,  C.V. Mosby Co., S t .  Louis, Missouri,  1966, page 119. 
2. a :  Catalase Test 
Purpose: To determine the presence o r  absence o f  the enzyme catalase to  
d i f f e r e n t i a t e  several groups o f  organisms. 
Comnents: Use 1 ml o f  a so lu t i on  o f  Hydrogen peroxide over the growth 
o r  t o  a cu l tu re .  
Reference: W.R. Bai ley and E.G. S c o t t ,  Diagnostic Microbiology, 2nd 
Edi t ion,  C.V. Mosby Co., S t .  Louis, Missouri,  1966, page 327. 
3. - Name: Cytochrome Oxidase Test 
Purpose: This rap id  t es t  allows f o r  a convenient d i f f e r e n t i a t i o n  between 
Pseudomonas and other gram-negative, lactose-negative colonies. 
Comments: Just ca l l ed  " ~ i d a s e  t e s t t '  D i f co  now has di'scs f o r  more rap id  
screening (Difco. Suppl. L i t . ,  Sept., 1966, page 87). 
Reference: P.R. Edwards and W.H. Ewing, I d e n t i f i c a t i o n  o f  Enterobacteriaceae, 
Burgess Pub. Co., Minneapol i s ,  Minn., 1962, pages 251-252. 
4. Name: Oxidase Test 
-
Purpose: To t es t  f o r  the presence o f  the oxidase enzyme produced by 
Neisseria. 
Comments: D i fco  has d iscs f o r  more rap id  screening methods. D i fco  Suppl. 
L i t . ,  Sept., 1966, page 87. 
Reference: W.R. Bai ley and E.G. Scott, Diagnostic Microbiology, 2nd Ed i t ion ,  
C.V. Mosby Co., S t .  Louis, Missouri,  1966, pages 329-330. 
LUNAR SAMPLE CULTURING 
BlPHAS l C  CULTURING 
This simple technique sha l l  be used i n  add i t i on  t o  rout ine l i q u i d  and 
s o l i d  c u l t u r i n g  as i t  has been proven t o  provide optimum growth condi t ions.  
A 9-10-fold increase i n  the t o t a l  number o f  organisms has been reported, 
compared t o  conventional 1 i qu id  cu l tu res  using the same medium. 
The system consists of a s o l i d  complete medium base w i t h  a d i s t i l l e d  water 
over lay.  The nu t r i en t s  s lowly d i f fuse  ~ n t o  the 1 i qu i d  menstrum. The t ox i c  
end-products from the l i q u i d  are i n  tu rn  absorbed by the agar. 0.1 - 1% 
charcoal o r  soluble starch can also be added t o  the agar base i f  so desired. 
I t  h3s the advantages o f  prov id ing an i n i t i a l l y  d i l u t e d  medium, a reservo i r  
o f  slowly released nu t r ien ts ,  and a c a p a b i l i t y  o f  absorbing t ox i c  products 
from the medium. The optimal r a t i o s  f o r  a 250 m l  Erlenmeyer f l a s k  are as 
f o l  lows: 
50 m l  o f  s o l i d  medium 
12.5 m l  d i s t i l l e d  water over lay which i s  allowed t o  e q u i l i b r a t e  overnight .  
Preparation i s  very simple, as the medium o f  choice (heart i n fus ion  broth, 
t rypt icase-soy broth, etc.)  can be both autoclaved and s o l i d i f i e d  i n  the 
same f lasks used for  the experiment. These can be prepared i n  advance and 
~ t o r e d ~ s i n c e  the water layer i s  not added u n t i l  needed. 
Reference : 
E.A. T y r r e l l ,  R.E. MacDonald, P. Gerh-ardt, 1958, J. Bacter io l . ,  75, 1 .  
PROTOCOL FOR MED l A  CONTAIN ING c'14- LABELED SUBSTRATES 
I1Many t e r r e s t r i a l  microorganisms metabolize organic substrates t o  y i e l d  
14 Cop: Production o f  C O2 from labeled substrates would provide an i nd i ca t i on  
of v iab le  organisms i n  lunar sample, and ind ica te  a s im i la r i t y  o f  metabol ic 
pathways." Horowi tz ,  H.H., 1966. Science 15 1 : 789-792. 
1. Media 
a. Broth base 
Brain-heart i n fus ion  o r  inorganic medium o r  even s o i l  ex t r ac t  
medium sha l l  be considered. 
b. Radioactive compounds 
D L - c ~ ~ -  labeled substrates sha l l  be used. Carbonate, glucose, 
lactate,  glutamate o r  acetate sha l l  be used. E i t he r  uniquely o r  
un i formly  labeled compounds can be used. 
c. Preparation 
( 1 )  Brain-heart i n fus ion  b ro th  sha l l  be dispensed i n  10 m l  amounts 
in 18 x 150 mm t e s t  tubes o r  50 m l  Erlenmeyer f l asks  and auto- 
claved. The g lassware  sha l l  be equipped w i t h  2 side arms and 
screw caps. 
(2)  A1 1 three rad ioact ive substrates sha l l  be added t o  10 m l  of bra't'n- 
heart  i n fus ion  broth, and s t e r i l i z e d  by M i l l i p o r e  f i l t r a t i o n .  One 
m l  o f  t h i s  so lu t ion  sha l l  be added t o  each tube o r  f l a s k  o f  bra in-  
heart  i n fus ion  broth.  The f i n a l  concentrat ion i n  the medium sha l l  
be a t  least  6,WO-IO,OOO counts/minute/ml which should be s u f f i c i e n t  
14 t o  provide useful  data i f  C O2 i s  evolved. 
2. Inocu la t ion 
This medium sha l l  be inoculated w i t h  e i t h e r  a d i r e c t  sample o r  a sus- 
pension o f  the lunar mate r ia l .  
3. Incubation 
a. Aerat ion 
(1) One sample sha l l  be incubated aerob ica l l y  w i t h  a i r  access through 
one side arm. A bacteriological f i l t e r  (cotton, g lass wool) sha l l  
be used. 
(2) Another sample sha l l  be incubated anaerob i c a l  1 y . 
b. Ag i t a t i on  
Shaking incubators sha l l  be used i f  possib le.  
c. Temperatures 
25 '~  and 3S°C sha l l  be used. 
d. Time 
Cul tures sha l l  be incubated f o r  7 days. 
4. Determination o f  r a d i o a c t i v i t y  i n  e f f l u e n t  qases 
A very slow stream i f  ( s t e r i l e  a i r  sha l l  be "zed t o  sweep the aerobic 
ciltures,and s t e r i l e  n i t rogen sha l l  be used w i t h  the anaerobic ones. The 
gaseous e f f l u e n t  sha l l  be co l lec ted  dur ing the incubation per iod through 
the second side arm and bubbled through measured a1 iquots o f  0.25 M Ba(OH',2. 
The resu l tan t  p r e c i p i t a t e  sha l l  be placed i n  planchets, o r  d r i ed  and counted 
i n  a recording Geiger-Mueller counter. 
5. Controls 
Controls sha l l  be run w i t h  the uninoculated media. Rad ioac t i v i t y  o f  
the lunar sample i n  BHI b ro th  w i t h  non-radioactive substrates sha l l  a l so  
be monitored. The p o s s i b i l i t y  e x i s t s  tha t  there i s  c14 i n  the lunar sample 
due t o  an induced transmutation o f  n i t rogen by the cosmic ray neutron corn-. 
ponen t . 
6. Precaut i o s  
The long h a l f - l i f e  o f  c14 requires tha t  i t  be handled as c a r e f u l l y  as 
radium o r  other long-1 ived rad ioact ive bodies. Safety t rays sha l l  be used 
and the preparat ion areas c a r e f u l l y  monitored. Appendix 3 i n  Radioactive 
Tracers i n  Bioloqy, 1951, M. Kamen,Academic Press, Inc. pp. 378-381 presents 
some de ta i led  t yp ica l  working ru les  t o  be fo l lowed i n  a radio-chemistry 
laboratory.  
VOLCAN I I S  MED l A 
--
Standard mineral base: 
Solution A (0.2 M) 
Mixed i n  proport ions t o  give desired pH. 
KH2P o4 Na2Hp041 
Solution B (9'1 
E DTA ! nn 
CoS O4 10 
These stock solutions were mixed i n  the fol lowing proportions and 
d i lu ted  t o  1 l i t e r  w i th  d i s t i l l e d  water. 
Additions t o  th i s  base: 
1. 0.2% Na-acetate pH 7.0 (aerobic) 
2. 1 + 0.02% NH4C1 (aerob i c) 
3. 0.4% amyl alcohol pH 6.5 (aerob i c) 
0.02% NH4Cl 
2% agar 
4. 5% starch (aerobic) 
0.01% yzast ext ract  (Difco) 
0.002% NH4Cl 
2% agar 
5. 0.5% yeast ex t rac t  pH 6.8-7.0 (aerobic) 
0.05% MgS04*7H20 
0.1% K2HP04 
6 .  5 + 2% agar (aerobic) 
7, 5 + 0.1% lactose (aerob i c shaken) 
8. 0.5% yeast ex t rac t  
0.5% proteose pep tone (D i fco) 
2% g l  ucose 
2% Ca C03 (anaerob i r i n s :o?pered 
reagent bo t t l es )  
REFERENCE 
Volcani, 1966. "A Study o f  the @ t i c a l  Rotat ion o f  Lipids Extracted 
from Soi 1 s, Sed irnents and the Orguei 1 Carbonaceous Ye teor i tell by Bar tholomew 
Nagy. Proc. Nat. Acad. Science, August, 1966, 
SPEC l A L  REQUIREMENTS FOR RELATl VE HUMID l TY 
-. -
RH: 
0 I 10,000 Atmospheres suct ion 
I 0  m 7,500 I I I I 
so I 1,000 I I t I 
93 = 100 I I I I 
98 = 3 1 I I I I 
99 ID 15 I I I I 
100 c 0.5 I I . I 1  
CULTURING BACTERIA FOR LUNAR CHALLENGE 
Potato Extract  Medium f o r  Sporulat ion of Bac i l l us  
200 g of diced potatoes sha l l  be heated a t  1 0 0 ~ ~  f o r  5 minutes i n  
1 l i t e r  d i s t i l l e d  H20 A f te r  f i l t e r i n g  through 2 sheets o f  Whatman #I  
f i l t e r  paper, the volume sha l l  be brought up t o  1 l i t e r  w i t h  d i s t i l l e d  
H 0. 20 g N-Z case peptone and 2 g.yeast ex t rac t  sha l l  be added. The 
2 .  
pH sha l l  be adjusted t o  7.2,and the t o t a l  volume sha l l  be brought up t o  
0 2 l i t e r s .  I t  sha l l  be dispensed and autoclaved a t  121 C f o r  20 minutes. 
Minimal Medium f o r  - B. s u b t i l i s  - 
( N H ~ )  2S04 0.20 grams 
K2HP04 1.40 grams 
KH2P04 0.60 grams 
Sodium c i t r a t e  . 2H20 0.10 grams 
MgS04 7H20 0.02 grams 
G 1 ucose 0.50grams 
D i s t i l l e d  H20 100 ml 
Anagnostopoulos, C. and J. Spizizen, 1961, J. Racter io l . ,  81, page 741. 
"C" Meci i urn 
( ~ i n i m a l  Medium f o r  E. c o l i )  
- -  
NH4C 1 
Na2HP04-7H20 
KH2P04 
NaC 1 
KC 1 
MgC 1 6H20 
NapSO4 
G 1 ucose 
PH 7.3 
gm/.l i t e r  
2 .Q 
.Roberts, R. B., P. H. Abelson, D. R. Cowie, E.  T. Bolton, R. J. B r i t t en ,  
1957. Carnegie Ins t .  o f  Washington, D.C. Pub, 607, 5. 
Medium f o r  growing b a c t e r i a  ( ~ a c i l l u s  ---- s u b t i l  i s ;  E. c o l  i) 
- .- 
Maximum type 
(NH4) 2HP04 
FeC 1 3 .  6H20 
Mg so4. 7H20 
MnS04 
KC L 
NaC 1 
Na2S04 
ZnC l2 
C i t r i c  a c i d  
Sucrose 
Aspa rag i ne 
Giutamic a c i d  
Adenine s u l f a t e  
Guanine H C l  
Uraci  1 
Xanthine 
p-aminobenzoic a c i d  
B i o t i n  
Chol ine C1 
Fo lac in  . . 
L - i n o s i t o l  
N iac in  
DL-Ca pantothenate 
Pyr idoxine H C I  
Pyridoxamine H C I  
S ibo f  l a v i n  
Thiamine H C l  
G 1 ucose 
Feeney, R. E., J. A. Gar iba ld i ,  and E. M. Humphreys. 1948. Arch. 
Biochem. 17:435. 
Spi ro la te  
BH I 
Thioglycol l a t e  
Asparagine 
Tryp tone 
Water 
MEDIA FOR CULTURING TREPONEMES 
Cannefax Treponeme Medium 
grams/l i t e r  
14.5 
18.5 
0.5 
0.25 
' 0.25 
1,000 m l  
C.D.C. 
Personal communication t o  D r .  W. Dacres from 
Dr .  George R. Cannefax. 
S tuar t ' s  Leptospira Medium 
See Stuart,  R.D., 1946. The preparat ion and use o f  a simple cu l t u re  medium 
f o r  leptospirae. J. Pathol.  and Bacter io l .  58, 343-349. 
kal ton,  M.M., R.W. Menges, E.B. Shotts, Jr., A.J. Nahmias, and C.W. Heath, Jr., 
1962. Leptospirosis epidemiology, cl  i n i c a l  mani festat ions i n  man and animals i n  
laboratory diagnosis. USPHS Publ. 951. CDC. 
MEDIA FOR CULTURING MYCOPLASMA 
Hayf 1 i c k ' s  media f o r  Mycopl asma (Hayf 1 ick,  1965) 
PPLO Agar consists o f :  
70 m l  PPLO agar 
20 m l  horse serum 
10 m l  o f  a 25% aqueous f resh ly  prepared yeast ext ract .  
Hayf l ick,  L. Tex. Rep. B io l .  Med., Suppl. 1: 23, 285, 1965. 
Ford's modi f icat ion (Ford, 1967) 
10 m l  horse serum and an addi t iona l  10 m l  o f  PPLO agar o r  b ro th  
containing urea t o  g ive a f i n a l  concentrat ion o f  1% i n  the completed 
med ium. 
Do not use tha l l i um as i t  seems t o  i n h i b i t  the T s t ra ins.  
The rout ine use o i  t h i s  modi f icat ion i s  suggested instead o f  PPLO agar, 
, per se, since i t  enhances the growth o f  "TI1 and poss ib ly  other s t r a i ns  as wel l .  
STAIN lNG PROCEDURES 
GRAM STAIN 
(1) Components - Gram s t a in  (Hucker 1s Modification). 
(2) Crystal v io le t  solution . 
Solution A: Crystal v io le t  4.0 @. 
(85% dye content) 
Ethyl alcohol 20.0 ml. 
(95%) 
Solution B : Ammonium oxalate 0.8 gm. 
Dist i l led  water 80.0 m l .  
Dilute solution A about 1:10 with d i s t i l l e d  water and mix with 
4 par ts  of solution B. 
(3) Lugo l~s  iodine: 
Iodine 1.0 gn. 
Potassium iodide 2.0 gm. 
Dis t i l led  water 300.0 m l .  
Allow t o  stand 24 hours f o r  the iodine t o  dissolve. 
(4) Decolorizer 
95% alcohol (ethyl) 
(5) Counterstain 
Safranin Stock 
Solution : Saf ranin 2.5 gm. 
Alcohol 100.0 ml. 
(95%) 
To 10.0 m l .  of stock solution, add 100.0 ml. d i s t i l l e d  water. 
( 6 )  - Staining procedure - Gram s ta in  
Prepare smear, dry, flame f ix.  
Stain f o r  1 minute i n  c rys ta l  v io le t  solution. 
Rinse with water. 
Fix f o r  1 minute with Gram's iodine solution. 
Rinse with water. 
Flood with 95% alcohol u n t i l  a l l  but thickest  par t s  of smear 
have ceased t o  give off  dye - about 30 seconds. 
Rinse with water. 
Counterstain about 30 secoz~ds with safranin. 
Wash i n  water; dry. 
ACID FAST STAIN (ZIEHL NEELSEN) 
Chemicals for acid-fast stain (Ziehl- eels sen) 
1) Carbolfuchsin: 
Basic fuchsin (certified, 3% by weight in 
95% etbl alcohol). ......... 10.0 m l  
Phenol (5% in distilled water) ............. 90.0 ml 
Mix. Let stand several days before use. 
2) Acid alcohol: 
Ethyl alcohol (95%). ....................... 97.3 m l  
.................. Hydrochloric acid (conc.) 3.0 m l  
3) Methylene blue (Loeffler s) : 
Solution A: 
Methylene blue (9@ dye content). ........ 0.3 gm 
Ethyl alcohol (95%). ..................... 30.0 m l  
Solution B: 
Dilute potassium hydrcide (0.01% by 
..... wei@?i.) .loo. 0 m l  
Mix Solutions A and B. 
4) Staining Procedure 
a. Cover smear with carbolfuchsin stain 
b. Steam gently for 3 to 5 min. 
c. Wash with tap water 
d. Add acid-alcohol until smear is colorless 
e. Wash with tap water 
f. Counterstain with methylene blue 5 to 20 sec. 
g. Wash, dry, and examine under oil immersion 
SPORE STAIN 
Chemicals for spoke stain (Wirts) 
1) Malachite green: 
Malachite green (oxalate) .................. 8.0 gm 
Distilled water............................lOO.O m l  
2) Safranin: same as used for Gram's stain. 
3) Staining Procedure 
' 
a. Flood slide with. malachite green stain and steam gently 
for 10 min by heating with Bunsen burner. Do not 
allow stain to boil oY dry up 
b. Stain with safranin 
c. Wash, blot dry, and examine under oil immersion 
To preserve smears, cover with cover glass 
MEDIA FOR CULTURING ALGAE 
1. Modif ied B r i s t o l ' s  sodium n i t r a t e  so lu t i on  
NaCl 0.05 gm 
FeC13 . 6 ~ ~ 0  
tap water 
f o r  i s o l a t i n g  s o i l  algae 
A1 len, O.N. 1949. Experiments i n  so i  1 bacter io logy.  Burgess Pub1 ish ing 
Co., Minneapolis, Minnesota 
2. Algae growth medium 
Chl ore1 1 a med i um 
H3 O3 
CaC12 
C O [ N O ~ ) ~ . ~ H ~ O  
CuS04. 5H20 
FeS04. 7H20 
MgS0;.7H20 
MnC12.4~20 
Na Moo4 2 
KH2 P 04 
NH4V o3 
ZnS04. 7H20 
urea 
water 
0.07. mg 
1.31 gms 
0.01 mg 
0.5 mg 
440 mg 
make up t o  1000 m l  
pH 6.0 
J. Brunel, ed. The Cu l tu r ing  o f  Algae. 1950, C .  F. Ke t te r ing  
Founda t ion, Day ton. 
Addi t iona l  Information on c u l t u r i n g  o f  algae i n  a r t i c l e  by 
Pringsheim, E. G. i n  J. Brunei 's book. 
3 .  Ma 1 t ex t rac t  agar 
BBL supplemented w i t h  1% Bactoagar (Difco) 
H2S04 t o  pH 3.5 
I so l a t i on  o f  thermaphi l ic  algae 
4. L iqu id  inorganic cu l t u re  media 
pH 2 
lncuba t e  a t  45*~ 
 erat ti on and i l l um ina t i on  
Thermaphilic algae 
M. B. Allen, Arch. Mikobioi .  32: 270, 1959. 
5 .  L iqu id  organic media w i t h  galactose and malt  ex t r ac t  
' l ncuba t e  a t  60°c 
Agi ta t ion  and i l l um ina t i on  
Thermaphilfc algae 
Ascione et aJ., Science, August 12, 1966. 
MEDIA FOR CULTURING FUNGI 
A. General Types 
1 .  Potato Dextrose Agar 
D i s t i l l e d  water make up t o  1000 m l  
Potatoes, infusion from 200 g 
Dextrose 20 9 
Agar 15 9 
Also ava i lab le  from Difco i n  dehydrated form 
~ i f c o  Manual, page 65 
2,  Corn-meal agar 
Corn meal, i n fus ion  from 20 g 
Dextrose 20 9 
Agar 17 9 
Water make up t o  1300 m l  
Also avai ' lable from D i fco  i n  dehydrated form 
D i  f co  Manual , page 247 
Johnsonset a l .  Methods for  studying soi  1 micro f lora-p lant  
disease re la t ionsh ips .  Burgess Publ ishing Co., 1959 
3. Malt ex t rac t  agar 
Mal t  ex t r ac t  20 gm 
Dextrose 20 gm 
Pep tone 1 9m 
Agar 25 9m 
Water make up t o  1000 m l  
Also ava i lab le  froin D i f co  i n  dehydrated form 
D i fco  Manual, page 244 
Raper, K, B. and C. Thorn. A manual o f  the Penicci 1 ia .  
Wil.liams-Wilkins Co., Baltimore, Md., 1949 
8. Synthetic media, general t y ~  
1. Czapek-dox agar- 
Agar 
Na N O3 
K2HP o4 
MgSO4. 7Hg0 
KC 1 0.5 gm 
FeS34 . 7H20 a 0.01 gm 
Sucrose 30.0 gm 
Water make up t o  1000 m l  
Note: Some prefer  t o  add 1 gram of  yeast ex t rac t  t o  the above media. 
D i fco  Manua I, page 21+5 
Conn, H. J. The use o f  various cu l t u re  media f o r  character iz ing 
actinomycetes, i n  Johnson ,gt d. Methods f o r  studying so i  1 micro- 
f1ora:plant disease re la t ionsh ips.  Burgess Pub. Co., 1959. 
2. Basidiomycete media 
Ammonium psra 
mol ybdate 
G l  ucose 
L-glutamic ac id  
Thiamine H C I  
pH 5.0 - 5.5 
0.57 mg 
0.04 mg 
0.15 mg 
500 mg . 
0.04 mg 
1.5 gms 
0.31 mg 
0.02 mg 
10 grns 
1.2 gms 
1 mg 
Used f o r  cul  t u r  i ng basidmycetes 
Jennison, M.W. $tA. 1955. Mycolopia 47: 275 
C. Specialized media 
1. Soil ex t rac t  agar 
b a r  15 gms 
K2HP O4 0.2 gms 
Soil ex t rac t  1000 m l  
Soi 1 ex t rac t  i s  prepared hy autoclaving 1000 gms OF sol  1 
w i t h  1000 m l  o f  tap water f o r  20 minutes a t  I 5  l bs  pressure. 
Matertal  i s  f i l t e r e d  and the pH adjusted t o  6.8. 
Lochhead, A.G. Q u a l i t a t i v e  studies on s o i l  microorganisms. 
Canadian J. Researcl~ 18: 42, 1940. 
2. Natural media 
Agar 15 gms 
Natural mater ia l  prev ious ly  s t e r i l i z e d  by exposure t o  propylene oxide 
and water t o  make up t o  1000 m l ,  
Commonly used w i t h  pea straw, p lan t  parzs, e tc .  
Very g o d  for s t imulat ing growth and sporulat ion of  many fungi .  
Snyder, W.C. and Hansen, H.N. Advantages o f  natura l  media and 
environments i n  the cu l t u re  o f  fungi .  Phytopath. 37: 420, 1947. 
3. L iqu id  media 
Sol! Extract  Agar and Mater ia l  Media 
Can be used as l i q u i d  media by leaving out the agar. 
4. Jensen's agar medium 
Agar 15 gms 
Dextrose 2 gms 
Casein (dissolved i n  10 m l  0.2 gm 
o f  0.1 N N ~ O H )  
Water make up t o  1000 m l  
ad just  pH t o  6.5  
For i so ja t  i ng ac t  incmycetes from' soi 1 
Jensen, H.L., Actinomycetes i n  Danish s o i l s .  S o i l  Sci.  30: 59, 1930. 
5. Sabhi-blood Media 
Sabouraud's d e x t r ~ s e  agar 
Bra in  heart infusion agar enriched wi t h  blood 
Chloramphenicol t o  i n h i b i t  bac te r ia l  growth 
Detect ion o f  pathosenic fungus i n  cases o f  histoplasmosis-blastomycosls 
J.W. Sorman o f  Mississippi State Sanatorium 
6 .  Sabouraud ' s Med i a 
Incubate a t  35 and 5 6 O ~  i n  1 ight and dark. 
7. Neurospora Media 
Vogel, H.J., Microb. Gen. Bul l .  13: 42, 1956. 
50 X C l t ra te  Solution 
1 l i t e r  
Na C i  trate-2H20 ( N ~ ~ C ~ H ~ O ~ .  2H20) 150 gm 3 
KH2P04 - anhydrous (monobas i c) 250 gm 
NH4N03 - anhydrous 100 gm 
ngs 04. 7~~ o 10 gm 
CaC12.2H 0 2 5 g;n 
Trace element so lut ion (see below) 5 m l  
B i o t i n  so lut ion (see below) 2.5 m l  
10 1 i t e r s  
1500 gm 
2500 gm 
1000 gm 
100 gm 
50 gm 
50 m l  
25 m l  
15 1 i ters  
Chloroform as a preservative 2 m l  21) m l  30 m l  
Store a t  room temperature 
Note: Each chemical has t c  be added separately and i n  order. 
Each should be i n  so lut ion before the other i s  added. 
Star t  w i th  3/4ths the t o t a l  l iquid volume and d i l u t e  t o  f i n a l  volume 
a f t e r  a l l  chemicals are i n  solution. 
Trace Element Solution 
H3B03 - anhydrous 0.05 gm 
Na2Mo04* 2H2 0 0.05 gm 
Total volume: 100 m1 (Start  w i th  75 m l  H20, adjust volume t o  100 m l )  
Add 1 m l  chloroform. Storm a t  room temperature. 
B i o t i n  Solution 
5.0 mg/50 m l  H20. Store i n  freezer. 
Warm t o  get b i o t i n  i n t o  solut ion. 
Liqu id  Hed i a  ( f o r  ~ ' e u r o s ~ o r a )  
, 
500 m l  1000 m l  
50 X Ci t ra te  2 m l  % 10 m l  20 m l  
Sucrose 1 gm % 5 gm 10 gm 
Dist .  H 0 
2 
98 m l  % 490 m l  980 m l  
Supplement as required f o r  spec i f i c  mutants i n  10 mg % amounts. 
M i  nimal Aqar (~eurospora) 
500 m l  1000 m l  
50 X Ci t ra te  2 m l  % 10 m l  20 m l  
Dist .  H 0 2 
Sucrose 
98 nil % 490 m l  980 m l  
0.5 gm % 2.5 m l  5 9m 
Sorbose 0.75 gm % 3.75 9m 7.5 9m 
Bacto agar 1.5 gm % 7.5 9m 15 gm 
KINYOUN A C I D  F A S T  STAIN 
1 .  Phenol c r y s t a l s  20.0 gm. 
(Me1 t i n  water and then wei gh j .  K i  nyoun carbo l  f uchs i n  
2. L a c t i c  a c i d  20.0 gm. 
3. G.lycerin 40.0 gm. 
4. Cotton b lue  ( P o i r r i e r ' s  b lue)  
5 .    is tilled water 
6. Basic fuchs in  
7. Phenol c r y s t a l s  
8. Alcohol c r y s t a l s  (95%) 
9. ~ i s t i l  l ed  water 
0.05 gm. 
20.0 m l .  
4.0 gm. 
8.0 gm. 
20.0 m l .  
100.0 m l .  
I COTTOP BIUF SJAU. 
Used f o r  p repar ing  mounts f o r  the study o f  fungus cu l tu res .  
1. Phenol c r y s t a l s  20.0 gm. 
(Me1 t i n  water ba th  and then weigh) 
2. L a c t i c  a c i d  20.0 gm. 
3. G lyce r in  40.0 gm. 
4. Cot ton Blue ( P o i r r i e r ' s  b lue)  0.05 gm. 
5. D i s t i l l e d  water 20.0' m l .  
. . 
SLIDE CULTURE TECHNIQUE 
(1) I n  the study o f  fungi ,  i t  i s  o f t en  necessary t o  observe the undisturbed 
re la t ionsh ip  between reproductive s t ruc tures and mycelium. This may be 
accomplished by growing fungi  on glass s l ides.  i n  a moist chamber. 
(2) Place a s l i d e  on a bent glass rod i n  the bottom o f  a p e t r i  d ish.  
Cover and s t e r i l i z e .  
(3) Prepare Sabouraud dextrose agar p la tes w i t h  15 m l  o f  agar per p la te .  
Permit to  s o l i d i f y .  Use t o  ob ta in  agar blocks 1 cm square and 2-3 mm deep. 
(4) Place block o f  agar, using s t e r i l e  techniques, on s l i d e  i n  p e t r i  d ish.  
(5) Inoculate centers o f  four sides of agar b lock w i t h  lunar sample t o  
study fungus. 
(6) Cover inoculated b lock w i t h  s t e r i l e  coversl ip. 
(7) Using s t e r i l e  techniques, add 8 m l  of s t e r i l e  water t o  bottom o f  
p e t r i  dish. 
(8) Incubate a t  25 degrees C u n t i l  sporu la t ion occurs. 
(9) When spores appear, c a r e f u l l y  l i f t  o f f  cove-s l ip  and lay  aside w i t h  
fungus growth upward. 
(10) L i f t  agar square from s l i d e  and discard. 
(11) Place drop of lacto-phenol cot ton b lue on t h i s  s l i d e  and cover w i t h  a 
clean coversl ip .  Obtain clean s l  ide, place drop o f  lacto-phenol cot ton 
b lue near one end, and cover w i t h  o r i g i n a l  covers l ip  w i t h  mycel ia l  
surface down. 
(12) B lo t  away excess mounting f l u i d  from coversl ips o f  the two preparations. 
When dry, se- edges w i t h  asphalt t a r  varnish. 
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GENERAL PROCEDURES FOR SURFACE-STtKlclZED SEEDS AND GNOTOBlOTlC PLANTS 
1. All procedures shall be carried out under total aseptic conditions. 
All glassware and other materials shall be autoclaved. Instruments 
shall be sterilized by dipping them in 70% alcohol and flamed before 
use. 
2. Seeds shall be soaked in a wetting agent (95% alcohol or 0.1% tween) 
for 5-10 minutes, 
3. The soaked seeds shall be surface-sterilized in 5-10% calcium hypo- 
chlorite or 15% commercial chlorox for 5-20 minutes depending on the 
nature o f  the seed. 
4. After sterili~ation~the seeds shall be washed in sterile dist'illed 
water 4-5 times. 
5. I f  the seed coats are hard and wrinkled, seeds shall be surface- 
steril ized and soaked in sterile water for 4-12 hours. The 
sterilization procedures shall then be repeated. 
6. The concentration of the sterilization solution and the sterilization 
time will vary with different plant materials and are very critical. 
7. Small seeds such as tobacco shall be sterilized in a beaker, then 
filtered and washed i n  a filtering apparatus. The seeds shall be 
transferred from the filter paper to a sterile petri plate. 
8. Surface-steri 1 ized seeds shall be transferred to petri plates 
containing sterile moistened filter paper or media for germination 
studies. 
9. Germ-free plants shall be obtained by growing the surface-sterilized 
seeds in a gnotobiotic environment using aseptic procedures. 
MED l A  AND SOLUTIONS 
Oatmeal agar medium -f o r  Physarum -
Rolled oats 30 gm 
Agar 15 gm 
D i s t i  1  led  water 1  l i t e r  
Po l len germination - Stock so lu t i on  (10 x concentrat ion) 
-7 -
H3303 1.0 gm 
~a ( ~ 0 ~ )  2. 4 H20 3.0 
MgS0,+.7 H20 2.0 
KN03 1 .O 
Water t o  make 1 l i t e r  
Use 1  pa r t  stock t o  9 par ts  o f  d i s t i l l e d  water, add 9.5% sucrose 
and 10 g / l  agar. 
Translocation so lu t i on  -
Hoagland's so lu t i on  
14 G 1 ucose-C 
A few drops of  methylene blue (dye) 
Hoaqlandts Solut ion 
M 1 
Micronutr ient  stock so lut ion  2 
O i s t i  l led  water 2000 
Micronutr ient  s t o c k s o l u t i o n  g / l  
Boric acid 2 .86 
Na2Mo 04 . 2 H20 0.025 
Th is  i s  sold as "sequestrene NaFeIt by Geigy A g r i c u l t u r a l  Chemicals, 
89 Barclay S t . ,  N. Y. 8 ,  N.Y: 
Mach:is, L .  and J.G. Torrey. 1956. P lants  i n  a c t i o n ,  A Laboratory Manual 
of P l a n t  Physiology. W.H. Freeman and Co., San Francisco, C a l i f o r n i a .  
Standard media for  hiqher plants 
Ca (N031Z 0.003 M 
i ron ethylenediamine te t raacet ic  acid solut ion i s  added to  give 5 ppm 
i n  one l i t e r  
minor elements gms per 1 i t e r  
H3B03 2.5 
MnC 1 2 .  H20 1.5 
Meyer, Anderson, Bohning. 1960. Introduction to  Plant  Phys ioloqy 
0.  Van Nos trand, t o . ,  New York . 
COMPOSIT ION OF TlSSL'E CULTURE MEDIA 
Stock so lu t ions are general ly  made using d i s t i l l e d  deionized water. Absolute 
care should be taken t o  see that  the s a l t s  d isso lve thoroughly. Stock so lu t ions 
can be maintained f o r  1-2 months under r e f r i q e r a t i o n .  
1 .  Knudsonls So lu t ion (X 4, d i l u t e  1:3) 
Major e 1 emen ts  : 
F ina l  concentrat ion 
C ~ ( N O ~ ) ~  . 4 H20 8.0 gm 500 mg/l i te r  
Water t o  make 4 1 i te rs  
Minor elements: 
Water t o  make 1000 Use 0.5 m l  per l i t e r  o f  f i n a l  medium 
2. 5nop1s Solc~ t ion  ^ '  2, d i l u t e  1:l) 
Major elernent:~: 
Ca . 4 H20 4.0 I I 
KNO 1 .O 
MgS04 . 7 H2G 1 .O 
KH2P04 1 .O 
Water t o  make 4 l i t e r s  
Minor elements: 
Use same composition as Knudsonls so lu t ion,  i .e .  0.5 m l  pnr l i t e r  
3 .  White's Sa l t  Solut ion (White, 1963) 
Stock 
' ca (N0312 2.0 gm/l 
Na2S04 2.0 
KN03 0.8 
KC I 0.65 
Ha H2 PO4 0.165 
Mgs04 36.0 
MnS04 0.45 
ZnS04 0.15 
"p03  3.15 
K I 0 375 
CuS04 0.092 
Na2M004 0.021 
Fe2 (So41 0.25 
Glycine 0.3 
F ina l  concentrat ion 
200 mg/1 
200 
80 
6  5 
16.5 
360 
4.5 
1.5 
1.5 
0.75 
0.02 
0.21 
2.5 
3  - 0  
thiamine 0. 01 0.1 
Pyridoxine 0.01 0.1 
N i c o t i n i c  ac id  0.05 0.5 ! 
White's so lu t i on  i s  general ly  used t o  s t a r t  flew mater ia ls  i n  :issue cu l tures.  
This composition has teen modi f ied and a t  times is re fe r red  t c  Modif ied 
White's so lu t ion.  
Tobacco t issues are used f o r  a  numbcr o f  t issue c u l  tu re  invest igat ions;  
Murashige and Skoog (1963) developed a sal t so lu t i on  i n  which tobacco 
t i ssue  cvl tures grow add ma Fntain an ac t i ve  growth ra te .  V:~rious modif i- 
cat ions have been made. 
4. Murashiae and Skooq Med i b m  (Modif ied) 
F ina l  concentration 
NH4N03 1650 mg/l 
K"'03 - 1900 
CaCI2 . 2 H20 
M9S04 . 7 H20 
KH2P04 
FeCl . 6 H20 3 
H3B03 
MnS04 . 4 H20 
ZnS04 . 4 H20 
K I 
Na2M004 . 2 H20 
CuS04 . 5 H20 
CoCI2 . 6 H20 
Glycine 
Niacin 
Thiamine HCL 0.1 
Pyridoxine HCI 0.1 
Myo- i nos i to1 10.0 
Sucrose 30 gm/l 
Indoleacetic acid (IAA) and k i n e t i n  both a t  1 x l o4  M 
SECT 1 ON l NG AND STA l N 1 NG PROCEDURES 
FOR PLANTS 
F ixa t ion :  
Formalin a c e t i c  a lcohol  (FAA) or  a c e t i c  a lcohol  s h a l l  
be used. 
behydra t i on : 
Dehydration s h a l l  be accomplished through the 
t e r t i a r y - b u t y l  a lcohol  ser ies  (TBA ser ies) .  The 
fo l l ow ing  sequence i s  recommended. 
Ma t e r  i a  1  s  sha 1 1 be washed i n  water t o  remove a  1  1 
f i x a t i v e  30-60 minutes. 
50% e  thy1 a lcohol  
7 a  t I  
8Vk I I 20-30 min. 
95% I I 
95% EtOH + TBA i n  3:l propor t ion  -- 20 min. 
I t  I I 1 :1 I I I I 
I I I I I I I l 1 :3 
Pure TBA -- 2-3 changes each. 
I n f i l t r a t i o n :  
I n  the meantime, f resh  p a r a f f i n  s h a l l  be melted, 
pu t  i n  v i a l s ,  and allowed t o  s o l i d i f y .  The mater ia l  
which i s  now i n  TBA s h a l l  be poured on top o f  the 
s o l i d i f i e d  p a r a f f i n  i n  the v i a l  and placed i n  a  
5S°C oven. 
The p a r a f f i n  w i l l  me l t  from the bottom upwards,and 
as t h i s  happsns the mater ia l  which i s  l y i n g  on the 
top s h a l l  move t o  the bottom. l n f  il t r a t i o n  o f  paraf- 
f i n  s h a l l  take place i n  t h i s  process. -- 45 min. t o  
2 hours. I 
Mater ia l  s h a l l  n w  be t rans fer red t o  f resh melted paraf-  
f i n  -- there s h a l l  be a t  l eas t  2 changes t o  ensure the 
r emova 1  o f  TBA . 
Embedd i nq:. 
Paper boats or  appropr i a te  con ta i ners s  ha 1 1 be made. 
~ h k  f resh  s h a l l  be poured w i t h  the mater ia l .  
The mater ia l  s h a l l  be arranged according t o  the plane 
o f  sect ioning.  A l l  these procedures s h a l l  be done i n  
quick succession before the p a r a f f i n  s o l i d i f i e s .  A f te r  
s o l i d i f i c a t i o n ,  the p a r a f f i n  s h a l l  be c u t  i : i t o  square 
or  rectangular blocks. 
Sectioning: 
P a r a f f i n  ribbons s h a l l  be prepared using a r o t a t o r y  
microtome. 
Mount i ng: 
P a r a f f i n  r ibbons s h a l l  be mounted on s l i d e s  coated 
w i t h  adhesive. 
9 ta.i n i ns  and maki nq f i na 1 preparat ions : 
P a r a f f i n  s h a l l  be removed from s l i d e s  by d ipp ing i n  
x y l o l  a t  l e a s t  2 times. For p l a n t  mater ia ls ,  a 
double s t a i n  procedure using sa f ran in  and f a s t  green 
OR sa f ran in  and ' e  ; f i e l d ' s  haemotoxylin i s  recom- 
mended. A f t e r  s r a i n i n g  and desta in ing,  depending 
on the nature o f  the s ta in ,  the s l  ides s h a l l  be made 
permanent. The s l i d e s  s h a l l  be observed microscopical ly  
f o r  h i s t o l o g i c a l  features. 
Reference : 
Jensen, W. A. 1962. Botanical Histochemistry, 
W. H. Freeman & Co. 
Johanssen, D. A. 1940. Plant  Microtechnique, 
McGraw H i l l ,  New York. 
Ace t o  ca r m  i ne : 
G lac ia l  a c e t i c  ac id  45 m l .  
D i s t i l l e d  water 55 m l .  
Carmine, a l i m  lake 2 gm. 
Acet ic  ac'id and water s h a l l  be combined and brought t o  a b o i l .  The solu- .  
t i o n  s h a l l  be cooled s l i g h t l y .  Carmine s h a l l  be added very s lowly 
(thus prevent ing foaming). The s o l u t i o n  s h a l l  be gen t l y  heated f o r  
30 minutes, p re ferab ly  using a  r e f l u x  condenser. I t  s h a l l  be shaken 
w e l l  and f i l t e r e d .  
Acet ic  orcein:  
1 gm. na tu ra l  o rce in  s h a l l  be d issolved i n  45 m l .  
o f  hot  g l a c i a l  a c e t i c  ac id.  When cool,55 m l .  o f  
d i s t i l l e d  water s h a l l  be added. The s o l u t i o n  s h a l l  
be shaken we1 l and f i 1 tered. 
Acid a lcohol :  
95% e thy l  a lcohol  99 ml.  
Conc. HCI 1 m l .  
Adhesive fo r  f i x i n g  p a r a f f i n  s l i d e s  t o  s l i d e s :  
Knox g e l a t i n e  1  gm. 
D i s t i l  l e d  water 100 m l .  
G lycer in  15 m l .  
Phenol o r  thymol 1  gm. 
The s o l u t i o n  s h a l l  be heated t o  30°C t o  d isso lve  the g e l a t i n  and 
then f i l t e r e d  through cheese c lo th .  
Formal i n  ace t i c  alcohol (FAA) : 
50% o r  70% alcohol  90 m l .  
Formal i n  (40%) 5 m l .  
G lac ia l  a c e t i c  ac id  5 ml. 
Acetic alcohol : 
95% ethyl alcohol 75 ml. 
Glacial acetic acid 25 ml. 
Colchicine: 
0.2% or 0.5% solutions shall be made 
by dissolving colchicine In water. 
Fast Green : 
1 gm. fast green shall be dissolved 
in 190 ml. of 95% EtOH. 
Feulqen stain: 
1 gm. basic fuchsin shall be dissolved by pouring 
into 200 ml. of boiling water. Foaming shall be 
avoided. It shall be shaken well and cooled to 
50°C. After filtering, 20 ml. of 1N HCl shali be 
added to the filtrate. The solution shall be cooled 
to room temperature and 1 gm. of anhydrous sodium 
bisulfite or potassium metabisulfite added. It 
shall be filtered into a b r w n  bottle and a l l w e d  to 
stand for 2 4  hours. 1 gm. activated charcoal shall 
be added. The solution shall be shaken well and 
filtered. It shall be kept in a tightly closed 
brown bottle or covered with aluminum foil to pre- 
vent decomposition by light. 
Delafield's Haematoxylin 
Commercially available 
Phloroqlucinol: 
Commercially available 
Reference: 
1 gm. shall be mixed in 100 ml. of 70% alcohol. 
It shall be filtered if necessary. 
Johanssen, D. A. 1940. Plant Microtechnique, McGraw 
Hi 11, New York. 
GENERAL PROCEDURE FOR USING GEL ELECTROPHORESIS AND ENZYME ASSriYS 
Abnormal p lan ts  sha l l  be assayed on gel e lectrophoresis t o  determine 
the type o f  change tha t  has occurred. Previous studies i nd i ca te  tha t  
in fected p lan ts  respond t o  the invasion o f  a pathogen. Several enzymes, 
p a r t i c u l a r l y  peroxidase, increase i n  a c t i v i t y  and number o f  isozymes. 
By means o f  gel electrophoresis, the isozymes o f  c e r t a i n  enzymes can be 
assayed. The general procedure sha l l  be as fo l lows:  
1. Plant  t i ssue sha l l  be ground w i t h  a mortar and p e s t l e  o r  wi t h  a 
p i r i e  press a t  co ld  temperatures. 
2. After  h igh  cent r i fugat ion ,  the p r o t e i n  samplz (200 ug) sha l l  be 
placed on top o f  the acrylamide gel. 
3 .  A f t e r  e lectrophoresis the gels sha l l  be sta ined f o r  p r o t e i n  pat te rns  
and assayed f o r  enzyme a c t i v i t y  on the gels. 
4. The changes observed sha l l  be evaluated i n  a densi tometer. 
REFERENCE 
Davis, 1963. New York Academy o f  Science 121 : 405. 
GEL SYSTEMS FOR PROTEl NS 
Electrophoresfs a t  pH 4,5a 
f o r  basic pro te ins  
I. Stock ~ o l u t i o n s ~  
A. KOH, 1E 
Acet ic  ac id  
T E M E D ~  
Urea 
Water, t o  50 m l  
B. KOH, 1 l  
Acet ic  ac id  
TEMED 
Urea 
Water, t o  50 m l  
C. Acrylamide (~astman) 
MB ~d 
Urea 
Water, t o  50 m l  
D. Acrylamide 
MB A 
Urea 
Water, t o  50 m l  
E. R ibo f lav in  
Urea, 8M_ 
Electrophoresis a t  pH 8.7b 
f o r  a c i d i c  p ro te ins  
A. ~ r i s ~  
HCl, 1N 
TEMED 
Urea 
Water, t o  50 m l  
0. T r i s  
HCl, 1 
Urea 
Water, t o  50 m l  
C. Acrylam4 l e  
MB A 
K3Fe(cN)6 
Urea 
Water, t o  50 m l  
D. Acrylamide 
MBA 
Urea 
Water, t o  50 m l  
E. R ibo f lav in  
Urea, 8~ 
I 
I  I. Other Reaqents 
1. Ammonium persu l fa te ,  made up 
f resh d a i l y ,  1.12% i n  83 Urea 
2. Buf fer ;  stock soln., s to re  a t  3' 
B-A1 an i ne 31.2 g 
Acet ic  ac id  8.0 m l  
Water, t o  1 1 i t e r ;  adjust  t o  
pH 4.5 
3. Urea, 8tj 
I l l .  Gel Preparations 
1. Lower Gel: 
Nix: 1 p a r t  A 
6 p a r t  C 
1 p a r t  Ammonium persu l fa te  
I 1. Ammonium persu l fa te ,  made up f resh d a i l y ,  0.56% i n  8 l  Urea 
2. Buf fer ;  stock solc.,  s to re  a t  1 3O 
T r i s  6.0 9 
Glycine 28.8 g 
Water, t o  1 1 i t e r ;  ad jus t  t o  
P H 8.2 - 8.4 
D M A P N ~ , ~  10% i n  water I 1: "rea, 8 ~ '  
1. Lower Gel: 
Mix: 3 p a r t  A 
4 p a r t  C 
1 p a r t  Ammonium persu l fa te  
2.  Upper Gels (spacer and sample): 
Mix: 1 p a r t  B 
4 I' D 
1 I' E 
2 It Urea, 8~ 
(Add 1 ~1 DMAPN per m l  o f  gel )  
Not needed 
2.  Upper Gels (spacer and sample) : 
Mix: 2 p a r t s  B 
3 " D  
1 " E 
2 It U r e a , 8 b  
Add 1 p1 DMAPN per  m l  o f  ge 1 
' ~ o d i f i e d  from R.A. Reisfe ld,  U.J. Lewis and D.E. Wil l iams, Nature 195: 281, 1962. 
b ~ o d i f i e d  from B.J. Davis, r e p r i n t  obtained from D i s t i l l a t i o n  Products Inc., 1.761. 
C Store i n  amber p l a s t i c  b o t t l e s  a t  3'. Include a magnetic s t i r r i n g  bar i n  those 
stock sol  tit ions (C and D) which tend t o  c r y s t a l  1 i ze  out  a t  3O. 
d ~ r  i s - t y  i shydroxyme thy 1 ami nome thane, (F i she r ~ e a g e n  t) 
TEMED N,N,Nt ,N - tetramethylethylenediamine, (~astman,  Reagent grade). 
- 
MBA - N,Nt - methylenebisacrylamide, (Eastrnsn, C r y s t a l l i z e d  Reagent). 
DMAPN - 3-Dimethylaminopropioni t r i  le ,  (Eastman, Reagent grade) 
e ~ h e  DMAPN i s  added to f a c i l i t a t e  polymer izat ion o f  the  upper gels,  which i s  
otherwise p a r t i c u l a r l y  d i f f i c u l t  i n  the case o f  the pH 8.7 upper ge l ,  perhaps 
because o f  the omission o f  the TEMED from 0.  
f ~ h e  % polymer i n  the gels  as formulated are: lower ge l ,  pH 4.5 - 10%; upper 
gel,  pH4.5 - 2.5%: lower gel ,  pH8.7 - 7.5%; upper gel ,  pH 8.7 - 2.5%. 
PROCEDURES 
1. The procedures, w i t h  some mod i f i ca t i on  f o l l o w  those o f  Reisfe ld,  e t  a l . ,  
Nature 195; 281, 1962. The runs are made i n  glass tubes, 3.25 inches long 
and w i t h  an 1.D. o f  5 rnm. The volumes o f  gel  so lu t ions  f o r  the var ious 
layers are: 1.0 m l  f o r  the lower gel  layer,  0.1 m l  f o r  the spacer gel  
layer  and 0.15 m l  f o r  the sample gel  layer .  Each gel  l aye r  i s  o v e r l a i d  
w i t h  water to  hasten polymerizat ion. 
F i f t y  t o  100 )rg o f  basic  p r o t e i n  i s  genera l l y  run i n  a  volume o f  10 t o  
20 P I . *  Considerably more p r o t e i n  can be run, although some o f  the c lose l y  
running bands begin t o  run together and cannot be d is t inguished.  Up t o  
about 50 1 1  o f  so lu t i on  can be to le ra ted  before the presence o f  L iC l  begins 
t o  i n t e r f e r e  w i t h  formation o f  the Kohlrausch boundary and reso lu t i on  i s  
l o s t .  
The e lec t rophore t ic  runs are c a r r i e d  out  a t  3' f o r  optlmum reso lu t ion .  
For the run a t  ' p ~  4.5 the stock bu f fe r  i s  d i l u t e d  w i t h  4 p a r t s  o f  co ld  
water, the run i s  ca r r i ed  out  f o r  90 t o  120 mins. w i t h  the cathode a t  the 
bottom and a  cur ren t  o f  3 ma/tube. A  t race o f  a  0.1% s o l u t i o n  o f  pyronine 
red (National An i l ine ;  A l l i e d  Chemical) i s  appl ied t o  the top o f  the sample 
gel  a f t e r  i t  has been polymerized t o  prov ide a  t rack ing  dye i n d i c a t i n g  the 
solvent f r o n t .  A  90 t o  120 min. run w i l l  move the dye band t o  the base o f  
the tube.9* Shorter runs can be achieved w i t h  lower d i  l u t  ions o f  the buffer,  
bu t  i t  i s  no t  advisable t o  increase the current,as heat ing w i l l  occur and 
lower the reso lu t ion .  For the run a t  pH 8.7 the stock b u f f e r  i s  d i l u t e d  
w i t h  1 p a r t  o f  co ld  water; the run i s  ca r r i ed  out  as above w i t h  the anode 
a t  the bottom,and bromphenol blue used as the t rack ing  dye. 
4. At the conclusion o f  the e lec t rophore t i c  run the gel  columns are removed 
from the glass tubes by f i r s t  rimming w i t h  water and are then stained f o r  
a t  leas t  1 hour by immersion i n  a  1% s o l u t i o n  o f  Amido Schwarz i n  7.5% 
acet ic  acid. Destaining i s  c a r r i e d  out overn ight  a t  room temperature 
a t  a  cur ren t  o f  4 t o  5  ma/tube w i t h  the anode a t  the bottom and 7.5% 
acet ic  ac id  i n  the b u f f e r  t rays.  
- .. 
* Be: -er  separat ion can be obtained i f  sample i s  d ia lyzed f r e e  from salt;,but 
some p r o t e i n  aggregates i n  the absence o f  s a l t s .  
c-i: Need 3-4 hours. 
.- dm. 
ENZYME ASSAYS FOR GEL ELECTROPHORESIS 
I .  PEROXIDASE 
A. Compounds 
1. 0.01 M Cuaiacol 
2 0.3% H202 
8.  Procedure 
1 .  lncubate gels i n  guaiacol f o r  a t  least  20 min. 
2. Rinse w i t h  d i s t i l l e d  water. 
3. Add H202 
I I . AC l D PHOSPHATASE 
A. Compounds 
1. 0.05 M acetate buf fer  pH 5 10.0 m l  
2. GBC (d iazo-game t) 10.0 mg 
3. Alpha-naphthyl -phosphate 10.0 mg 
B. Procedure 
lncubate gels a t  room temperature. 
I I I .  MAL l C  DEHYDROGENASE 
A. .Compounds 
1. 0.05 M tris-HC1 buf fer  pH 7.5 7.5 m l  
2. 0.50 M malic acid pH 7.5 3.0 m l  
3. 0.06 h! KCN pH 7.5 1.25 m l  
4. NBT (ni tro-blue te t razo l  ium 2 mg/ml) 3.50 m l  
5. DPN (diphosphopyr id ine nucleotide) 10.0 mg 
6. PMS (phenazine methosulfate, 2 mg/ml) 0.15 m l  
0. Procedure 
Mix and incubate i n  the dark. 
I V .  ,YnLlC DEHYDROGENASE (a1 terna te procedure) 
A. Compounds 
1 .  0.014 M tris-HC1 bu f fe r  pH 8.3 7.0 m l  
2. 0.10 I4 ma1 i c  ac id  (sodium s a l t )  pH 8.3 3.0 m l  
3. NBT 8.0 mg 
4. DPN 
5. PMS 
B. Procedure 
1.  Rinse gels i n  co ld  t r i s  bu f fe r  a t  pH 8.3. 
2. Incubate 0.5 t o  4 hours a t  37OC. 
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VIROLOGY APPEND l X 
Gradient Density Cen t r i f usa t i on  
A refinement i n  technique which has increased the reso l v ing  power and 
the p u r i f i c a t i o n  p o t e n t i a l  o f  the u l t r a c e n t r i f u g e  enormously i s  densi ty-  
gradient  cent r i fugat ion .  f h i s  method makes poss ib le  the separat ion and 
the zoning o f  p a r t i c l e s  o f  d i f f e r e n t  sizes o r  dens i t i es  by sedimenting 
them through a l i q u i d  column of p o s i t i v e  (i .e., increasing w i t h  depth) 
densi ty  gradient .  
Gradients may be formed before or  dur ing cen tr i f  uga t,ion. The so l  utes 
usua l ly  used f o r  the preparat ion o f  preformed gradients a re  sucrose o r  
g lycero l .  Such gradient  columns can be constructed i n  a h igh l y  reproducib le 
fashion by a gradient-producing engine which introduces two so lu t ions  o f  
d i f f e r e n t  densi t i e s  (e.g., water and 40% aqueous sucrose so lu t ion)  i n t o  a 
cent r i fuge tube a t  d i f f e r e n t i a l  ra tes  o r ,  more simply, by l aye r ing  d i sc re te  
volumes o f  so lu t ions  o f  successi~vely lower concentrat ions o f  sucrose on top 
o f  one another w i t h  a p ipe t te .  The discont inuous gradient  produced by 
layer ing  w i l l  become smooth and r e l a t i v e l y  uniform by d i f f u s i o n  dur ing a 
per iod o f  12 t o  24 hours, depending on the w id th  o f  each layered so lu t ion .  
I n  order t o  es tab l i sh  a dens i ty  gradient  dur ing  cen t r i f uga t i on ,  so lu-  
t ions  o f  h igh concentrat ions o f  heavy s a l t s  such as cesium ch lor ide ,  r u b i -  
dium chloride,or potassium bromide a re  employed. The gradient  i s  formed as 
the r e s u l t  o f  the p a r t i a l  sedimentation o f  these solutes dur ing  cent r i fuga-  
t ion .  The classes o f  p a r t i c l e s  t o  be separated may be d i s t r i b u t e d  through- 
out the gradient  column or  layered as a concentrated s o l u t i o n  i n  a small 
volume on top o f  the column p r i o r  t o  cen t r i f uga t i on .  
There a re  essent i a  1 l y  two approaches t o  the f r a c t i o n a t i o n  o f  v i rus .  and 
subce l lu la r  p a r t i c l e s  by densi ty-gradient  cen t r i f uga t i on .  One i s  t o  separate 
p a r t i c l e s  on the basis  o f  t h e i r  sedimentation ra tes  and the other  p r i m a r i l y  
on the basis  of t h e i r  dens i t ies .  I n  the former method, a concentrated, 
p a r t i a l l y  p u r i f i e d  v i r u s  suspension i s  layered on top o f  a preformed sucrose 
or  g lycero l  gradient  and cent r i fuged i n  a swinging bucket r o t o r .  Each c lass 
1 
o f  p a r t i c l e s  w i l l  sediment as a separate zone a t  ra tes  which depend on p a r t i -  
c l e  s ize,  shape, and densi ty .  When, a f t e r  an appropr iate length  o f  time o f  
cent r i fugat ion ,  the zones are resolved i n  the grad ien t  column, the p l a s t i c  
cent r i fuge tube i s  removed from the r o t o r ,  i l l um ina ted  w i t h  a beam o f  l i g h t  
i n  order t o  make the l i g h t - s c a t t e r i n g  zcnes v i s i b l e ,  and the f r a c t i o n s  co l -  
lec ted  by any o f  several sampling devices. I f  c e n t r i f u g a t i o n  o f  the above 
system i s  permi t ted t o  cont inue long enough, the d i f f e r e n t  classes o f  p a r t i -  
c l es  w i l l  sediment as zones which w i l l  f i n a l l y  come t o  r e s t  a t  l eve l s  i n  the 
gradient  column corresponding t o  t h e i r  own dens i t ies .  
Concentration o f  Viruses on Aluminum and Calcium Sa l t s  
Preparat ion o f  p rec ip i t a tes .  Aluminum phosphate. Ten ml o f  2 M Na2HP04 
were s lowly added t o  100 m l  o f  25mM A l C l  (pH 7.2 should be reached and 3 
maintained). The mix ture  was kept constant ly  s t i r r i n g  dur ing  the preparat ion 
and f o r  15 minutes thereaf te r .  The p r e c i b i  t a t e  was then cent r i fuged a t  2000 
rpm f o r  15 minutes and the supernatant f l u i d  discarded..  The sediment was 
suspended i n  0.15M MaCl and again centr i fuged.  The supernatant f l u i d  was 
again discarded,and the sediment resuspended i n  s a l i n e  and autoclaved a t  
I S  lbs. pressure f o r  I S  minutes. A f te r  coo l ing  and cent r i fugat ion ,  the sedi- 
ment was resuspended i n  110 m l  o f  s t e r i l e  sa l ine .  The p r e c i p i t a t e  was'stored 
a t  hOc i n  t h i s  form u n t i l  used. lmnediately before use the suspension was 
mixed, the amount required f o r  the t e s t  (mul t ip les o f  2.7 m l )  was centr i fuged, 
and the sediment resuspended i n  the b u f f e r  required f o r  the t e s t  us ing the 
same volume as t h a t  o f  the supernatant. A f t e r  mixing, 2.7 m l .  volumes o f  the 
suspension were d i s t r i b u t e d  i n  13 x 100 mrn tubes. Alp04 when used as des- 
c r  ibed above contained 0.4 gram or packed sediment suspended i n  2.7 m l  bu f fe r .  
Viruses i n  0.3 m l  volumes were then added t o  each 2.7 m l  o f  suspension. 
During an incubation period, usua l ly  o f  39 minutes, the tubes were inver ted 
occasional ly t o  increase the c o l l i s i o n  e f f i c i e n c y  of v i r u s  and p rec ip i ta te .  
The samples were then centr i fuged a t  2000 rpm f o r  5 minutes, the supernatant 
removed, and the sediment resuspended i n  3 m l  o f  b u f f e r  as indicated under 
"Resul ts'! Supernatant f 1 u ids and resuspended p r e c i p i  t a te  were then d i r e c t l y  
t i  t ra ted f o r  v i r u s  a c t i v i t y .  The resuspended s a l t  was not  t o x i c  f o r  the c e l l  
systems used f o r  assay even when inoculated w i t  l o u t  f u r t h e r  d i l u t i o n .  
Aluminum hydroxide. Three m l  o f  2 M N c ~ ~ C ~ ~  Were added t o  100 m l  of 2 5 d  
AlC13 and the p r e c i p i  t a te  t reated as descr ibed above. The procedure f o r  use 
o f  aluminum hydroxide was a l s o  the same as tha t  described f o r  aluminum phos- 
pha te. 
Calcium phosphate. Equal volumes (50 m l )  o f  0.02 M CaC12 and 0.02 M 
Na2~po4 were mixed together, and then the PI-ecipi ta  te  was washed w i  t h  sal  ine 
and processed as described f o r  the above sa l t s .  
The fo l l ow ing  procedure was used t o  concentrate each v i r u s  sample. F ive 
m l  o f  a1urr:~um hydroxide (0.25 m l  o f  packed p rec ip i ta te )  suspended i n  pH 6 
bu f fe r  was added t o  a l i t e r  o f  the d i l u t e d  v i rus .  The mix ture  was a l l w e d  
to s t i r  gent ly  on a magnetic u n i t  f o r  one hour a t  25'~. I t  was then f i l t e r e d  
by negat ive pressure through a 47 rmn HA M i 11 ipore f i 1 t e r  pad (0.45p poros i ty) . 
The trapped p r e c i p i t a t e ,  recovered from the f i 1 te r  pad w i t h  the a i d  o f  a 
p la t inum spatula, was suspended i n  1 ml o f  sa l ine.  This suspension was 
inoculated i n  0.1 ml amcunts i n t o  each o f  10 bo t t les ,cu l tu res  and an overlay 
added as described undermMethods.Y Two con t ro l  v i r u s  samples, one conta in ing 
the o r i g i n a l  v i r u s  a t  estimated concentraf ion o f  100 PFU/ml and the second 
conta in ing the v i r u s  d i l u t e d  1000-fold, were a l s o  inoculated i n t o  10 cu l tu res .  
. Smith, K. 0. and J. L. Melnick, 1962. E lec t ron  Microscopic Counting o f  
Virus P a r t i c l e s  by Sedimentation on Aluminized Grids. The Journal o f  
Imnunology. 89:279-284. 
Preparat ion o f  e lec t ron  microscope s r i d s  f o r  p a r t i c l e  countinq. Steel 
g r i d s  were coated w i t h  c o l l o d i o n  membranes prepared i n  the f o l l c w i n g  way. A 
s o l u t i o n  o f  0.75% co l l od ion  i n  amyl acetate was dropped on a small b lock o f  
2% agarsal ine, al lowed t o  d r a i n  dry, and the membrane s t r ipped i n  d i s t i l l e d  
water and mounted on several s t e e l  200 mesh e lec t ron  microscope g r i ds  simul- 
taneously. They wer,e dr ied,  t rans fer red  t o  a f l a t  surface,and coated w i t h  a 
very small amount o f  aluminum. One m i l l i g r a m  o f  aluminum was evaporated from 
a tungsten basket placed approximately i 7  cm from the specimens, which were 
canted a t  an 18' angle w i t h  the aluminum source. These membranes were extremely 
tough, wi thstanding h igh  speed cen t r i f uga t i on ,  washing under a f a s t  moving 
stream o f  water, and repeated hand1 ing  w i  thout 'breaking. 
P a r t i c l e  countinq. The Spinco SW-25.1 swinging bucket r o t o r  was f i t t e d  
w i t h  l u c i  te  chambers as described recen t l y  by Smith and Benyesh-Me1 n i c k  (12) 
f o r  count ing polyoma v i rus .  To f a c i l i t a t e  handl ing gr ids ,  f l a t  l u c i t e  d isks 
were i nse r ted  i n t o  the bottoms o f  the chambers i n  the p lace o f  the agar pre- 
v ious ly  used f o r  pseudorepl icat ion counting. Aluminized g r i ds  were placed 
on these d isks  and the v i r u s  suspension was appropr ia te ly  d i l u t e d  i n  d i s t i l l e d  
water and placed i n  the cup w h i l e  the g r i ds  were he1 i n  place. The f l u i d s  
were then cent r i fuged a t  maximunl speed (25,000 rpm) f o r  1/2 h r  f o r  p o l i o -  
v i r u s  and 20 minutes f o r  bacteriophage and vaccin ia.  A f t e r  cen t r i f uga t i on ,  
the supernatant f l u i d  was removed by c a p i l l a r y  p ipe t ,  the chamber removed, 
and the g r i ds  recovered f o r  f u r t h e r  treatment. Grids remained i n  place near 
the center o f  the bottom o f  the chamber dur ing  cen t r i f uga t i on .  As wi  11 be 
described, some g r ids  were washed w i t h  d i s t i l l e d  water. Grids w i t h  p o l i o -  
v i rus  were shadowed w i t h  chrominum and examined i n  the e l e c t r o n  microscope. 
Bacteriopl~age and vacc in ia  preparat ions were dipped f o r  1/2 minute i n  0.5% 
uranyl acetate, then examined. F i v e  photomicrographs were made o f  random 
f i e l d s  on a s i n g l e  g r i d  and these were counted and averaged f o r  each deter-  
mination. The c a l c u l a t i o n  o f  the number o f  p a r t i c l e s / m i l l i l i t e r  o f  the 
o r i g i n a l  v i r u s  suspension was done i n  the f o l l o w i n g  way: 
Reciprocal o f  column he igh t  i n  cm X 
Reciprocal o f  u n i t  area counted i n  cm X 
P a r t i c l e s  counted per u n i t  area X 
Reciprocal o f  d i l u t i o n  X 1.07 
(1.07 - f a c t o r  accounting f o r  r a d i a l  spread o f  sedimenting pa r t i c l es . )  
Virus I s o l a t i o n  Techniques 
Two d i f f e r e n t  techniques were used I n  attempting t o  f i n d  progeny of 
vaccin ia v i r u s  c i r c u l a t i n g  i n  the blood o f  the vaccinees. The f i r s t  method 
involved conventional v i r u s  I s o l a t i o n  procedures,with 1 m l  o f  each 
und l lu ted  serum being inoculated d i r e c t l y  onto monolayers o f  MK c e l l s  I n  
three 1 oz, b o t t l e  cul tures.  The cu l tu res  were observed over a 14-day per iod 
f o r  cytopath ic  e f f e c t  (CPE) , and p o s i t i v e '  c u l  rures were harvested when 50 
per cent of the c e l l s  showed CPE; these were f rozen a t  -20°c t o  await  typ ing  
o f  v i rus  and genet ic  marker tests.  Virus detected i n  the blood by t h i s  
method wi 11 be re fe r red  t o  as "freett  v i rus .  
A second method used was based on the observat ion tha t  i n fec t i ous  v i r u s  
could be recovered from neut ra l i zed mixtures. Mandel, using type 1 p o l i o -  
v i r u s  and a s p e c i f i c  hyperiamune antiserum prepared i n  rabb i ts ,  showed tha t  
completely neut ra l i zed v i r u s  could be reac t iva ted by placement o f  the a n t i -  
gen-antibody mix ture  i n  a s t rong ly  a c i d  medium (pH 2.5). To t e s t  f o r  "bound1' 
v i rus ,  the fo l l ow ing  technique was used. A p o r t i o n  (0.5 m l )  o f  each d a i l y  
serum sample was placed i n  each o f  three 100 X 13 mn tubes. To each tube 
were added 0.25 m l  of ac id  bu f fe r -ge la t i n -T r i s  (as described by Mandel) and 
0.20 m l  o f  0.3 N H C l ,  both o f  which had been pre-warmed t o  37'~. This brought ' 
the pH o f  the serum t o  2.5, where i t  was maintained a t  room temperature fo r  
2 hours. The tubes were then returned t o  pH 7.0 by add i t i on  o f  0.45 m l  of 
a l k a l i n e  bu f fe r -ge la t i n -T r i s  and 0.20 m l  o f  0.3 N NaOH t o  each tube. 
A f te r  the sera were brought t o  pH 7.0, 0.3 m l  o f  each sample was inoculated i 
onto each o f  5 MK tube cu l tu res  from which the M-E maintenance medium had been 
drained. The tubes were incubated a t  3 7 ' ~  f o r  2 t o  3 hours i n  a s ta t i ona ry  
rack, covered by aluminum f o i l .  The monolayers were then r i nsed  gent ly  
twice w i t h  1.0 ml o f  f r e s h  M-E medium,and a t h i r d  1.0 ml o f  medium was l e f t  
i n  each tube. Tubes were stoppered, reincubated a t  3 7 ' ~  f o r  one week, and 
observed a t  l eas t  every other day fo r  CPE. P o s i t i v e  tubes were harvested 
and s tored f rozen as soon as 50 per cent o f  the c e l l s  showed CPE. 
Controls on the s e n s i t i v i t y  o f  t h i s  modi f ied ac id -d issoc ia t ion  proce- 
dure were ca r r i ed  out  using a l l  three types o f  v i r u s  i n  the pol iovaccine and 
i n  the v i r u l e n t  MEFl s t r a i n  o f  type 2 p o l i o v i r u s .  They were tested against  
the reference pol  i o  an t isera  prepared i n  monkeys f o r  the Nat iona 1 Foundation 
and s ince t rans fer red  t o  the National l n s t i  tu tes o f  Health. Stock v i ruses 
were t i t r a t e d  and a l i quo ts  conta in ing  100 TCD per 1.0 ml were combined 5 0 
w i t h  equal f l u i d  quan t i t i es  o f  the homotypic an t isera .  These mixtures were 
incubated a t  3 7 ' ~  f o r  6 hours and then placed a t  b°C overnight.  Samples 
o f  0.5 ml each o f  a con t ro l  v i rus-ant ibody system were included i n  each tes t .  
Recovery o f  a l a rge  propor t ion  (over 50 per cent) o f  the con t ro l  v i r u s  from 
i t s  neut ra l i zed  mixtures indicated proper f unc t i on ing  o f  the tes t .  
Mandel, B. R e v e r s i b i l i t y  o f  the Reaction Between Po l i ov i rus  and Neu t ra l i z i ng  
Antibody o f  Rabbit  Or ig in,  1961. V i r o l .  14: 316-328. 
Hemadsorpt i on 
Cer ta in  v i r a l  agents m u l t i p l y  i n  c e l l  cu l t u res  w i thout  producing 
c lear -cu t  degeneration, and t h e i r  presence must be detected by i n d i r e c t  
methods. I n  the case o f  in f luenza v i ruses and the newly recognized group 
o f  resp i ra to ry  v i ruses designated as the para i n f  1 uenza viruses, the f a c t  
t ha t  they possess hemagglutinins ( s i t e s  which combine wi  t h  erythrocytes 
o f  c e r t a i n  species) permits t h e i r  de tec t ion  by the technique o f  hemadsorp- 
t i on .  For t h i s  procedure, a suspension o f  guinea p i g  or  chicken ery thro-  . 
cytes i s  added t o  the in fec ted  t i ssbe cu l tu re ;  the hemagglutinins of the 
v i r u s  present i n  the c e l l  cu l t u res  combine w i t h  receptors on the ery thro-  
cytes; and microscopic examination reveals the erythrocytes adhering i n  
clumps t o  the host c e l l  monolayer. The hemadsorption technique i s  employed 
f o r  recogn i t ion  o f  myxoviruses i n  c e l l  cu l t u res  inoculated w i t h  c l i n i c a l  
mater ia ls  as w e l l  as f o r  i d e n t i f i c a t i o n  and n e u t r a l i z i n g  ant ibody assays 
f o r  these viruses. 
Hemaqqlut i~at ion Tests 
Ser ia l  twofold d i l u t i o n s  of v i r u s  suspensions, antigens, or d i l uen ts  
suspected o f  conta in ing v i r a l  agents are made i n  sa l i ne  or  veronal bu t fe r  
o r  phosphate bu f fe rs  a t  s p e c i f i c  pH leve ls  (using convenient volumes, f o r  
instance 0.2 or  0.4 m l ) .  An equal volume o f  0.5% or  0.25% er throcytes 
( t h r i c e  washed i n  sa l ine)  o f  d i f f e r e n t  animal spebies, or human 0  c e l l s ,  i s  
added t o  the s e r i a l l y  d i l u t e d  t e s t  mater ia l .  Tests are performed i n  t r i -  
p l  icate, and incubated a t  three d i f f e r e n t  temperatures : bO, 2s0, and 3 7 ' ~ .  
Tests are negative f o r  v t rus  when 'the er throcytes form a  compact red  but ton  
a t  the bottom o f  the tube. Tests are p o s i t i v e  f o r  v i rus  when the er th ro-  
cytes are agglut inated t o  form a red, granular d i f f u s e  1  i n i n g  o f  the bowl 
of the tube. 
Tissue Cul ture Media 
CONCENTRATION (MG,/LITER) IN 
EAGLE'S LElBOVlTZ RAPPAPORT' S 
MINIMUM MED l UM BAS l C 
MED I UM ESSENTIAL NO. 15 SYNTHETIC 
COMPONENTS NO. 199 MED l UM (L-15) MED l UM 
Amino acids 
L-Alan i ne 
L - ~ r g  i n i ne 
L - ~ s ~ a r a g  i ne
L-Aspart ic  a c i d  
L-cv s t e  i ne 
L-cys t i ne 
L - ~ l u t a m i c  a c i d  
L-Glutamine 
Glycine 
L - ~ i s t i a i n e  
Hydroxy-1 -pro1 i ne 
L- lsoleucine 
L - ~ e u c  ine 
L - L ~ S  i ne 
L - ~ e t h i o n i n e  
L-Phenylalanine 
L-Pro1 ine 
L -Ser i ne 
L -Threon i ne 
L -Tryp tophar, 
L -Tyros i ne 
L - ~ a l  ine 
V i  tami ns 
. p-Arni nobenzoic a c i d  
B i o t i n  
Ca pantothena t e  
Chol ine ch lo r i de  
F o l i c  ac id  
i - l n o s i t o l  
N iac in  
Niacinamide 
Pyr i doxa 1 HC I 
Pyridoxine HCl 
Ribof l a v i o  
Thiamine H C I  
V i  tami n A 
Ascorbic ac id  
a-Tocopherol phosphate 
C a l c i f e r o l  
Menad i one 
V i  tami n BI2 
C i  trovorum fac to r  
* Amount o f  DL form o f  amino a c i d  ra ther  than L form. 
# Free base form. 
CONCENTRATION (MG./LITER) IN 
EAGLE S LE l BOV l TZ RAPPAPORT' S 
MINIMUM MED ! UM BAS I C 
MED l UM ESSENTI AL NO. 15 SYNTHETIC 
COMPONENTS NO. 199 MED l UM (L-1 5)  MED l UM 
Nucleic ac id  de r i va t i ves  
Aden i ne 10 ... ... ... 
Guanine HCl 0 3 ... ... ... 
Hypoxanth ine 0 - 3  ... ... 10 
Thym I ne 0.3 ... ... ... 
Uraci l 0 . 3  ... . ... 
Xan t h  i ne 0.3 ... ... ... 
Adenyl ic ac id  0.2 ... ... ... 
Carbohydrates 
2-Deoxy-d-ribose 0.5 ... ... ... 
d-Ri bose 0.5 ... ... ..* 
G l  ucose 1 ,000 1,000 ... 1 ,OOC 
Galactose ... ... 900 ... 
Miscellaneous 
Sodium acetate 50 ... ... ... 
Sod i urn py r uva t e  ... ... 550 5 00 
Tween 80 ( o l e i c  acid) 5.0 ... ... ... 
Cholesterol  0.2 ... ... ... 
Glutathione 0.05 ... ... ... 
Adenos ine  tr iphospha te  10 ... ... ... 
Phenol red 20 2 0 10-20 20 
Sa l t s  
NaC 1 
KC 1 
CaC12 
MgC 1 6H2D 
MgS04*7H 0 
NaH po4* i20  
N ~ ~ ~ P o ~  
KH PO4 
FefNo3) ' 9 ~ ~ 0  
NaHC03 
COHPOSlTlON OF THREE TISSUE CULTURE MEDIA 
CONTAI.NING BIOLOGIC SUBSTANCES 
COMPONENT CONCENTRATI ON (GRAMS PER L I TER) I N  LY MEDIUM M-H MEDIUM M-E MED l UM 
Lacta 1 bumin hydro1 ysa t e  5 .OO 5 .OO 5 .OO 
G 1 ucose 4.50 1 .OO 1 .OO 
Yeast ex t rac t  1 .OO .... .... 
NaC 1 6.80 8.00 6.80 
CaC 1 2 
ngSO4' 7H20 
Phenol red, 1% soln. 1.60ml. 1.60ml. 1.60ml. 
LY medium = lactalbumin hydrolysate-yeast e x t r a c t  medium. 
M-H medium = Melnick's medium w i t h  a Hanks' balanced s a l t  so lu t i on  base. 
H-E medium = Melnick's medium w i t h  an Ear le 's  balanced s a l t  so lu t i on  base. 
* Prepared as a 2.8 per cent stock s o l v t i o n  and added a t  the time o f  use. 
# Prepared as an 8.8 per cent stock s o l u t i o n  and added a t  the time o f  use. 

